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PREFACE
T he physico-chemical w ork embodied in  this Thesis was carried 
out in  the laboratories of the Chemistry D epartm ent of the Batter­
sea Polytechnic under the direction of J. Kenyon, D.Sc. (Lond.), 
F .I.C ., to whom  thanks are due for his sustained interest in  the 
problem. From  C. W . Davies, M.Sc. (Wales), A .I.C ., lecturer in 
Physical Chemistry at the Battersea Polytechnic, has been received 
at all stages in  this investigation helpful advice and never failing 
interest. H is many kindnesses are deeply appreciated. Thanks are 
also due to W . G. Bickley, M.Sc. (Lond.), lecturer in Mathematics 
at the Battersea Polytechnic, for his kindly assistance in several 
mathematical problems which occurred during the researches de­
scribed in this Dissertation. T he candidate wishes to thank H . 
Phillips, D.Sc. (Lond.), F .I.C ., for his many helpful suggestions 
as to the form  of the manuscript, and T . E. G. Baker, B.Sc. 
(Lond.), for his valuable assistance in the reading of the proofs of 
this Thesis. T he Technical w ork described, was carried out at the 
London School of Printing and K indred Trades, and the assistance 
offered by the Principal and members of the staff of the Litho­
graphic D epartm ent was of great value. A  portion of this work 
was carried out while in receipt of financial assistance from  the 
D epartm ent of Scientific and Industrial Research, and the candi­
date wishes to place on record his thanks for their help.
T he printing industry in  com mon w ith the majority of other 
long-established industries has been built up by empirical methods, 
which have changed but little since the introduction of printing, 
and which are not entirely suited to m odern conditions. There is 
a great need for active scientific research in the printing industry, 
and already there are indications that the commercial printer is 
beginning to realise the value of the chemist and the physicist.
Early in February of 1929, the candidate had the opportunity of 
speaking to a gathering of M aster Printers at the Stationers’ H all 
in the City of London upon the “Application of Science to P rin ­
ting .” T he direct outcome of this lecture has been the setting up  of 
a committee, under the chairm anship of Lord Riddell to consider 
the ways and means of forwarding the movement of scientific 
research in  prin ting and its allied trades. Various Employers’ Asso­
ciations and T rade Unions identified w ith  the prin ting industry 
are represented on the committee, of which the candidate is an 
honorary secretary, and there appears to be every hope that before 
long the prin ting industry will have some means of organised 
scientific research at its disposal.
T he  published report of that lecture— “T he Application of 
Science to P rin ting”—is submitted to the University by the candi­
date, as perm itted in paragraph twenty-five of the Ph .D . degree 
regulations.
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PART I
Theoretical
Section
C h a p t e r  I
INTRODUCTION
The Art of Printing— The Development and Methods of 
Lithographic Printing
T he A rt of Printing 
T he introduction and grow th of prin ting has had an im portant 
influence upon the history of the civilised world and has passed 
through various stages of development, from the art of the early 
craftsmen desiring to prin t books for the propagation of learning, 
to its present position as the seventh largest national industry.
Printing processes may be divided into three categories accord­
ing to the nature of the printing surface. First, the letterpress 
process, introduced into England by W illiam  Caxton about four­
teen hundred and seventy-six. In  this method of reproduction the 
m atter to be printed, standing in relief from  the rest of the surface, 
is charged w ith printing ink from a roller, which is so adjusted 
that only the portions of the design which are required to prin t are 
touched. It is by means of the letterpress process that the majority 
of books and newspapers are printed, as well as a large num ber of 
coloured illustrations. A  second m ethod of obtaining printed re­
productions is from intaglio surfaces in which the design is sunk 
below the level of the printing plate. A  comparatively fluid ink is 
applied to the whole surface and the surplus removed from those 
portions of the design which are not to prin t by means of a carefully 
adjusted steel blade. T he intaglio design retains the ink, and when 
pressure is applied the ink is transferred to paper. It is by this 
process (also called gravure, photo-gravure or roto-gravure) that 
an increasing num ber of illustrated periodicals are reproduced 
cheaply and efficiently. Distinct from  the raised surface of letter­
press printing or the intaglio surface of gravure printing, litho-
B i
graphic prints are obtained from  w hat is almost a plane surface,
i.e., the design is approximately in the same plane as the rem ainder 
of the prin ting surface. It is by lithography that large posters are 
reproduced, and since photographic methods can be, and are, 
extensively used in the process it is an admirable m ethod of secur­
ing reprints of old books.
T he D evelopm ent and M ethods of Lithographic Printing 
T he art of lithographic printing is due to Aloys Senefelder 
(1771-1834) who first used the process in 1796 for music printing 
in Prague. T he printing surface he used was prepared from  a 
calcareous stone mined in Sohnhofen, Bavaria, although it is 
claimed that he also attem pted to obtain lithographic prints from 
zinc plates. A t the beginning of the present century attention was 
given, in America, to prin ting from alum inium  and zinc plates, 
using the same principles as for stone printing. This innovation 
gave a decided fillip to lithography, which has now become an 
im portant commercial process.
T he methods employed to obtain a prin t from  lithographic stone 
or plate are briefly as follows. T he production of prints may be 
divided up into five stages.
1 D raw ing the design on the printing surface w ith an ink 
consisting essentially of beeswax and soap.
2 A pplying a solution of gum  arabic to the printing surface 
to render it “ insensitive to grease.”
3 D usting the design w ith resin and french chalk and treat­
ing the printing surface w ith a suitable etching solution.
4 “ Reinforcing” the design by an application of a turpen­
tine solution of asphaltum.
5 Pulling of impressions from  the prepared surface by dam p­
ing and passing an inky roller over the entire printing 
surface.
S to n e
T he stone is levelled by grinding down w ith calais sand and 
water. It is then scrubbed first w ith artificial pumice stone and 
finally w ith snake stone, removing all sand marks and leaving the 
surface finely polished. T he stone, w hen dry, is ready to receive 
the design which may be draw n directly or transferred. T he draw­
ing ink or crayon is composed primarily of beeswax and soap w ith 
the addition of lamp-black as a colouring agent. Various recipes 
for them  are given below.
TABLE I 
IN K
Authority Beeswax Shellac Tallow
Senefelder .. 12 .. — .. 4
,.  12 .. 4 .. —
,, .. 8 4 4
Hulmandell.. 4 .. 4 .. 4
Lemercier .. 4 .. 4 .. 4
CRAYON
Grade Beeswax Shellac Tallow Soap Lampblack 
N o. 1 . .  8 . .  —  . .  —  . . 6 . .  2
„ 2 .. 4 4 . .  2
, , 3 . .  8 . .  4 .. — .. 5 .. 3
„ 4 ... 8 4 5 . .  3
„ 5 .. 8 . .  — .. 4 . .  6 . .  3
„ 6 . .  4 - .  —  •• —  . . 6 . .  2
T he greasy ink is ground down w ith water until the required 
consistency is obtained and it may be applied to the stone by brush 
or pen.
After the design has been draw n, the surface is dusted w ith resin 
and french chalk and treated w ith a mixture of approximately 
equal volumes of an aqueous gum  arabic solution and dilute nitric 
acid (one per cent). T he stone is fanned dry and regummed with 
gum  arabic solution and allowed to dry, w hen the design is 
“ washed out ” by treating w ith a m ixture of turpentine and 
asphaltum solution. The excess solution is wiped off w ith a damp
Soap Lampblack
4 
4 
4
4 •• i
4
cloth and while the stone is still dam p a sparely charged roller 
containing press black ink* is passed over.
T he oily press ink will adhere only to those portions of the stone 
which are not dam p w ith water, i.e., on the portions that were 
already greasy, in  other words, the design. It is upon this fact of 
“m utual repulsion” of prin ting ink and water that the art of litho­
graphy depends. T he design is dusted again w ith resin and french 
chalk and any dirt or unw anted portions cleaned away w ith a slip 
of moistened snake stone. A  one per cent solution of nitric acid is 
again applied to the stone and w hen dry the surface is regum m ed 
and dried. T he w ork is “ washed out” again and the design rolled 
up w ith a more fully charged roller containing press black ink. 
W hen the w ork is firm  and solid, the design is dusted w ith resin 
and french chalk and etched w ith a five per cent nitric acid solu­
tion. W hen dry, the stone is regum m ed, dried, and it is then ready 
for printing, by dam ping the stone and while still dam p, passing 
a roller containing press ink over the surface. T he design is now 
charged w ith ink and a prin t is obtained by applying paper w ith 
pressure, to the stone. Before each impression the stone m ust be 
dam ped and then while still moist, inked before the paper is 
brought into contact w ith it.
Z in c  P lates
T he plate is placed in a graining machine in  order that a suit­
able grain may be im parted to it. It is usual to grain plates before 
prin ting since, except in unusual circumstances, smooth plates will 
not yield satisfactory results. T h e  graining machine consists of an 
oscillating tray in  which the plates are placed face up  and covered 
w ith glass or porcelain marbles. T he graining is carried out by 
moistened Calais sand and w hen completed the plates are removed 
while the machine is still in  m otion (to avoid m arble m arks) and
# In  lith o g rap h y  tw o  inks are em ployed— d raw in g  in k  and  press in k . T h e  fo rm er is used  for 
d raw in g  the  design on the clean p la te  o r stone and  has the  com position  show n in  table one , w hile  
the la tte r is used fo r o b ta in ing  the finished p rin ts. Briefly a press in k  is m ade  by g rin d in g  a p igm en t 
w ith  linseed oil w hich  has been heated  un til it th ickens.
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they are then washed and dried by heat. T he plate is next prepared 
for printing by treating w ith a solution composed of 4 ounces of 
5 per cent alum  solution, 2 drachms of concentrated nitric acid 
solution made up to 80 ounces w ith water.
After this solution has been applied, the plate is well washed 
w ith water and dried, w hen it is ready to receive new w ork which 
may be draw n directly or transferred, as in  the case of stone. W hen 
the design is sufficiently “ strong” it is dusted w ith resin and french 
chalk and treated w ith a mixture containing one part of etch and 
ten parts of gum. T he etch solution is m ade by dissolving in 80 
ounces of water, 6 ounces of am m onium  dihydrogen phosphate and 
7 ounces of am m onium  nitrate. W hen the plate is dry it is re- 
gum m ed w ith ordinary gum  solution and the dry plate “ washed 
out” w ith turpentine and asphaltum. T he gum  is washed off w ith 
a dam p cloth and the plate rolled up w ith a sparely charged roller. 
T he design is dusted w ith french chalk, d irt removed w ith caustic 
soda solution, the plate etched again, and, having removed the 
surplus solution, gum m ed up and dried. T he w ork is then ready 
for press.
A l u m in iu m  P lates
Printing from  metal plates is similar, whether it be from  zinc 
or aluminium. In  the case of the alum inium  the plate is cleaned 
and grained as before and is- prepared for printing by treatm ent 
w ith dilute sulphuric acid (1 concentrated sulphuric acid : 10 
water). Methods are similar from  this stage except that the “ plate 
etch” consists of 4 ounces of 20 per cent phosphoric acid made up 
to 40 ounces w ith a dilute solution of gum  arabic.
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C h a p t e r  II
TH E  SCIENTIFIC PRINCIPLES UNDERLYING LITHOGRAPHIC
PRINTING
The Early Views— Resume of the Work of the Lithographic 
Technical Foundation, U.S.A.
The Early Views on the Scientific Principles Underlying 
Lithographic Printing
In  “A  Complete Course of L ithography” (A ckerm ann 1819) 
SenefeLder made an attem pt to explain the principles underlying 
lithography. In  the light of the then existing chemical knowledge 
his explanations may have appeared satisfactory, but as m ight be 
expected do not conform w ith m odern ideas. However, sim ilar 
theories have persisted until the present day and are generally 
accepted by those engaged in the lithographic craft.
T he generally accepted explanation of the process will be dealt 
w ith under various headings set out on page 2.
D r a w in g  of  D e s ig n
T he fatty acids in  the draw ing ink combine chemically w ith the 
prin ting surface and are precipitated in  the form  of calcium, zinc 
or alum inium  salts according to the nature of the prin ting surface. 
These salts then “ repel water and allow themselves to be charged 
w ith greasy prin ting in k .” 2
G u m m in g  u p  of P r in t in g  S urface
According to H anhart1 the gum  arabic reacts w ith the p rin ting 
surface to form  a metallic (calcium, zinc or alum inium ) “meta- 
arabinate” which has the property of retaining moisture and there­
fore will not allow prin ting ink  to adhere to the prin ting surface.
6
E t c h in g
The action of the resin and french chalk is to form  a protective 
coating to the inky design so that the etching solution will not 
destroy the work. T he etch—which in each case is said to have a 
solvent action on the printing surface—precipitates the fatty acids 
from the drawing ink thus rendering the design more receptive to 
printing ink.
W a s h in g  o ut  w it h  T u r p e n t in e  a n d  A sph a l t u m
The turpentine is said to remove the portions of the design 
which are unaffected by the etching solution and the asphaltum 
solution reinforces the design by adhering to the greasy ink.
T h e  P u l l in g  of Im pressio ns
Clean impressions are obtained by reason of the fact that w hen 
the surface is damped, the water is “ rejected by the greasy design 
but retained by the gum m ed portions of the surface so that w hen 
the roller containing press ink is passed over, the ink is repelled by 
the dam p portions of the plate or stone but adheres to the dry, 
greasy design.”
These explanations, which may be found in any text book on 
lithography2, are generally accepted throughout the printing in­
dustry, but recently some doubt has been cast upon them 3.
Resume of the Work of the Lithographic Technical 
Foundation, U.S.A.
In  1924, the Lithographic Technical Foundation was formed 
in the U .S.A ., w ith laboratories at the University of Cincinnati 
under the direction of D r. Robert Findley Reed. These laboratories 
have published three papers dealing w ith various problems of litho­
graphic printing.
D uring 1925 the first publication of this Foundation appeared 
when Reed4 described his w ork upon the effect of relative humidity 
on lithographic papers and set out the best methods of overcoming
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register troubles. In  the second publication5 the effect of the P h  of 
the dam ping water on the degree of oxidation (and hence the 
am ount of “ scum m ing” ) of prin ting plates was studied and 
methods suggested for the prevention of the form ation of a scum 
of ink upon the clean portions of the prin ting surface. D uring  1928, 
after the commencement of the w ork embodied in this Thesis, the 
th ird  publication6 was received from the University of Cincinnati, 
dealing w ith a problem more intimately connected w ith the subject 
of the present investigation. Reed, D orst and H orning  investigated 
the means by which portions of lithographic plate were rendered 
non-grease receptive. They stated that the plate was “ desensitized” 
to ink by reason of the form ation of “ an insoluble water-absorbent 
film .” N o satisfactory explanation was given, however, as to how 
the film was formed, but it was suggested that adsorption m ight 
account for it. F urther, technical experiments were made w ith the 
addition of am m onium  dichromate to the gum  arabic solution and 
exposing the plate w hen coated w ith  this solution, to light. It was 
found that if the dichrom ated gum  were suitably applied to the 
plate and the whole process of exposure carefully controlled, more 
satisfactory results were obtained. T his m ethod of procedure was 
patented and is said to be in extensive use in the U nited States of 
America.
C h a p t e r  III
SCOPE A N D  RESULTS OF TH E INVESTIGATION  
Scope of the Investigation— Resume of Results
The Scope of the Investigations described in this Thesis
The portions of lithographic practice which have been studied 
are the scientific principles underlying the successful use of gum  
arabic to keep the printing surface free from  undesirable ink. It 
appeared that this portion of lithography was the least understood 
and would profit by improvement more than any other. It is often 
assumed that the gum  arabic and the printing surface react chemi­
cally. T he point of view adopted in  this Thesis is that such assump­
tions are without experimental support and that a more satisfactory 
explanation would be one of adsorption.
It seemed probable that the aqueous gum  solutions m ight behave 
in one of four ways when in contact w ith the printing surface, 
e ith e r:
1. Adsorption,
2. Chemical combination,
3. Physical adherence, or
4. Any combination of 1, 2, and 3.
The evidence in favour of the adsorption of gum  arabic from 
aqueous solution by the printing surface was obtained from  an 
examination of the curves which result w hen the am ount of gum  
arabic combined w ith the stone or metal plate is plotted against 
the equilibrium concentration of the reacting gum  solution. Such 
curves have a characteristic shape for each of the above sug 
possibilities.
T he general principle of the m ethod employed was to allow an 
aqueous solution of gum  arabic of know n concentration to reach
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equilibrium  whilst in  contact w ith stone, zinc or alum inium . T he 
concentration of the solution at equilibrium  was measured and the 
am ount of gum  arabic combined w ith the printing surface deter­
m ined by difference.
M uch prelim inary w ork was necessary before a suitable method 
for the estimation of gum  arabic in solution was found. Chemi­
cal methods involving the titration of the gum  w ith alkali were 
found to be impracticable and the precipitation of the gum  arabic 
as the ammonia-copper acetate compound did not yield reliable 
results. A ttem pts were therefore m ade to establish a relationship 
between a physical property of solutions of gum  arabic and the 
concentration. Five physical properties were considered : —refrac­
tive index, rotatory power, density, surface tension and viscosity. 
Optical properties were not adopted owing to the opacity of con­
centrated gum  arabic solutions. Prelim inary experiments showed 
that the viscosity of aqueous gum  arabic solutions varied in  a sen­
sitive m anner w ith the concentration. T he w ork described in this 
Thesis is therefore mainly concerned w ith  the relationship between 
the viscosity of solutions of gum  arabic at a definite P h  value and 
their concentration, and secondly, w ith  the use of this relationship 
to study the adsorption of gum  arabic from  aqueous solutions by 
various adsorbents such as lithographic stone, zinc and alum inium  
plates, and bone charcoal.
In  addition some evidence regarding the constitution of gum  
arabic was sought from  a study of the electrometric titration curves 
of arabic acid and from  a series of conductivity experiments on 
gum  arabic solutions.
Resume of Results obtained with Gum Arabic
From  a study of the electrometric titration curves and conducti­
vity data it is suggested that gum  arabic consists of a m ixture of 
the acid calcium, potassium and magnesium salts of a weak dibasic 
acid of molecular weight about 16,300. But this view is difficult to 
reconcile w ith the high percentage of calcium found on ignition,
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and it is felt that probably gum  arabic is a complex m ixture of one 
or more acids and the calcium, potassium and magnesium salts.
Fairly consistent results were obtained in  the study of the vis­
cosities of gum  arabic solutions and the resulting curves were found 
to be concave to the concentration axis. T he curves consisted of 
two sections which were almost linear connected by a curved sec­
tion, called the “range of m axim um  curvature.” T he slope of the 
two linear sections was different—the slope of the first section 
(corresponding to low concentrations of gum  arabic) being greater 
than the second linear section.
T he adsorption isotherms of gum  arabic derived from  these vis- 
cosity-concentration relationships were of a peculiar shape, follow­
ing the usual “exponential” form  up  to the position of maximum 
adsorption and at higher concentrations the am ount of gum  arabic 
adsorbed became less, finally reaching a constant value, con­
siderably below the m axim um  am ount adsorbed. T he region over 
which the adsorption isotherm curve fell from its m axim um  to its 
constant value was called the “ region of anomalous adsorption.” 
It was noticed that the range of maxim um  curvature of the vis­
cosity curve and the region of anomalous adsorption of the 
adsorption isotherm occurred between the same limits of con­
centration. This fact lead to the hypothesis that at concentrations 
above a certain value the particles of gum  arabic tend to form  
aggregates, whose bulk per unit of weight was greater than that 
of the unit particles. It was then shown from  technical experiments 
that the gum  arabic when in the aggregated condition was more 
efficient in keeping the printing surface free from undesirable ink.
C h a p t e r  IV
T H E CONSTITUTION, PROPERTIES A N D  ESTIM ATION OF
GUM ARABIC
Historical— Electrometric titration of Arabic Acid— Conductivity of Gum Arabic— 
Estimation by Titration, Weight, Ammonia-Copper Acetate Method and 
Physical Properties— Preparation of Sample
Historical
G um  arabic is an exudation from  the acacia tree, and has been 
classified by M atthew s8 as a colloidal polysaccharide. It contains 
from  three to four per cent of ash which consists chiefly of calcium 
carbonate w ith smaller quantities of potassium and magnesium 
carbonates. It is usual to consider gum  arabic a m ixture of an acid 
and its calcium, potassium and magnesium salts.
N eubauer10 and M ulder11 suggested the empirical form ula 
«(C 6H 10O 5). N eubauer observed that gum  arabic gave acid solu­
tions w ith  water and isolated the acid from  crude gum  arabic by 
precipitation w ith alcohol from  a concentrated solution of gum  
which had been acidified w ith hydrochloric acid. Several ill-defined 
salts of this acid were prepared by Neubauer. In  1884, O ’Sullivan12 
isolated the acid from  the gum  by the m ethod of Neubauer and 
obtained it as a w hite friable mass. F rom  a study of the rotatory 
power and an analysis of the barium  salt, O ’Sullivan concluded 
that the acid so obtained was homogeneous. F rom  a study of the 
products of hydrolysis of this acid w ith dilute sulphuric acid, he 
suggested that it had the composition C ggH 142 0  74 and consisted1 
of a nuclear acid which he called “ arabinosic acid” whose formula 
was C 23H 38 0  22 to which were attached various hexose sugars 
which he called a, /3, y  and 8 arabinoses. H e, later13, suggested that 
only two sugars— arabinose (a pentose) and galactose (a hexose)— 
were attached to the nuclear acid, w hich he nam ed arabic acid.
12
N orm an14 suggested that the nuclear acid is of the “ uronic” 
type. H e considered that it is unlikely that a definite empirical 
formula can be assigned to gum  arabic. It is probable, he states, 
that its general composition is a “ nucleus acid consisting of a 
galactose and a uronic acid, probably galacturonic acid, to which 
is linked arabinose by glucosidic linkages.” Butler and Cretcher15, 
on the other hand, suggested that the nuclear acid is an aldo- 
bionic acid— ^-galactose ^-glucuronic acid— to which are attached 
J-galactose, /-arabinose and rhamnose.
In  addition to the foregoing recent work, Thom as and M ur­
ray16 in 1928 published details of a physico-chemical study of gum  
arabic. T he arabic acid was isolated from  the gjum by the method 
of Neubauer10 and purified by electro-dialysis. Thom as and 
M urray claimed that various batches of acid gave the same results, 
indicating that a definite product is obtained using their methods of 
purification. It is thought, however, that this method is not above 
criticism for during the dialysis the temperature of the solution was 
allowed to rise to about 40°C over a period of a hundred hours. 
Under these conditions it is probable that some hydrolysis of the 
arabic acid occurred. A  solution of gum  arabic standing for two 
or three days during hot weather becomes “ sour,” acquires an 
unpleasant smell and becomes more acid.
For the sake of clearness the acid obtained by precipitation w ith 
alcohol from  a dilute hydrochloric acid solution of the gum  will 
be termed arabic acid throughout the remainder of this Thesis.
Thomas and M urray16 obtained electrometric titration curves 
of arabic acid w ith 0.1 N  solutions of sodium hydroxide, barium 
hydroxide and hydrochloric acid. T he curves obtained w ith sodium 
hydroxide and barium  hydroxide were practically identical, having 
a sharp point of inflexion indicating that arabic acid is a strong 
acid. A n equivalent weight of 1,200 was computed from the fig­
ures obtained in these experiments. T he electrometric titration 
curve obtained w ith hydrochloric acid indicated that arabic acid 
is not amphoteric. T hat gum  arabic shows buffer action has been
*3
noted by K ran tz17, who also states that dilution has little effect 
upon the P h  values of aqueous gum  arabic solutions. T he value 
of the van Slyke18 /? for gum  arabic has been calculated by K rantz 
to be 0.034 for M /10 solutions (M = 1750) at P h  3. F rom  a study of 
the electrometric titration curves and the alkali combining capacity, 
Thom as and M urray18 state that the reaction between arabic acid 
and bases is one of simple chemical combination.
In  the same publication Thom as and M urray18 studied the 
effect of P h  upon the osmotic pressure of solutions of arabic acid, 
and obtained fair agreement over a lim ited P h  range, between 
observed osmotic pressures and those calculated from  potentio- 
metric measurements. T he effect of P h  and of neutral salts upon 
the viscosity of a one per cent solution of arabic acid was inves­
tigated. A  qualitative application of the D onnan mem brane theory 
was pu t forward as an explanation of the variation in  osmotic 
pressure and viscosity at various P h  values and salt concentrations. 
T heir figures showed that the viscosity of arabic acid solutions is 
influenced to a m arked degree by the P h  value of the solution and 
by the presence of neutral salts. As an explanation Thom as and 
M urray suggested that the molecules or particles of arabic acid are 
capable of form ing “ aggregates.” T he particles of arabic acid act 
as a semi-permeable m em brane so that the “ aggregates” are sus­
ceptible to changes in  size according to the extent w hich the sol­
vent diffuses through the m em brane into the aggregate. Any alter­
ation in the size of the “ aggregates” will have an effect upon the 
viscosity since it has been shown that the viscosity of a solution is a 
function of the volume of the solute. A  qualitative application of 
the D onnan m em brane theory accounts for the relative viscosities 
of a one per cent arabic acid solution increasing from  1.18 at P h  
0.74 to a m axim um  of 2.54 at P h  4.58— 6.30, and then decreasing 
to a value of 1.26 at P h  values below 12.98.
A m y19 isolated the arabic acid by electro-dialysis and obtained 
an electrometric titration curve of a strong monobasic acid w ith a 
molecular weight of about 1600. It is deduced from the titration
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curve that the acid is probably homogeneous, but heating to ioo°C  
causes it to develop reducing properties and to become partly 
insoluble.
Spencer and D rum m ond20 have studied the effect of gum  arabic 
upon the conductivity of certain binary electrolytes and they found 
that the resultant conductivity was lower than the sum of the 
conductivities of the gum  arabic and the electrolyte. T he effect of 
electrolytes (hydrochloric acid, sodium chloride and barium  chlo­
ride) on the viscosity of solutions of gum  arabic was studied and in 
every case the viscosity was decreased by the addition of the electro­
lyte, an observation confirmed by Tendeloo21 who examined the 
viscosity of gum  arabic in the presence of potassium chloride, 
barium chloride and hexamine cobaltic chloride.
The Electrometric Titration of Arabic Acid
The information available concerning gum  arabic in  regard to 
its properties is limited and in many cases conflicting. A n electro- 
metric titration curve of arabic acid prepared by the method of 
Neubauer (without electro-dialysis) was obtained using 0.0261 N  
calcium hydroxide solution and the results obtained are given in
Table II and plotted in Figure 1.
TABLE II
c.c. of c.c. of
.0261 N  Ca{OH)« P h . 0261 N C a ( O H ) , P h .
I .0 2.95 18.2 6.47
3.0 3.06 18.3 .. 6.62
4.0 3-H 18.5 .. 7.225.0 3.26 19.0 8.71
6.0 3-35 20.0 10.008.0 3-47 21.0 10.3810.8 3-74 24.0 10.8616.0 4.40 30.0 11.05
18.0 5-86 3S-o 11.2018.1 6.15 — —
It will be seen that the shape of the titration curve obtained is 
not conclusively of the strong acid type. This is contrary to the 
findings of Thom as and M urray16 and A m y19.
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Conductivity Investigations with Gum Arabic
Further evidence was sought as to the nature of gum  arabic from 
conductimetric data by titrating crude gum  arabic w ith  0.0399 N  
calcium hydroxide solution and it was found that the first branch 
of the conductimetric titration curve was horizontal as is usual for 
weak acids, i.e., the resistance does not increase during neutralisa­
tion as for a strong acid. This w ork on conductivities was carried 
out in conjunction w ith C. W . Davies and the results are given in 
Tables III and IV, and the curves obtained have been plotted in 
Figures 2 and 3.
T A B L E  III
S e r ie s  i . — 4 . 9 4 3 2  g r a m s o f  g u m  arab ic w e r e  d isso lv e d  w ith  
w a r m in g  a n d  m a d e  u p  to  500 c .c . 100 c .c . o f  th is  so lu t io n  w ere  
m ea su red  in to  th e  ce ll.
c.c. alkali Box Bridge Cell
added resistance reading resistance
0 .0 0 580 45-35 699
55° 4 4 . °5 699 mean
650 48.60 698 699.
0 .6 0 650 48.25 697
75° 51 .90 695
700 50.30 692 mean
650 48.35 694 694.
1.10 650 •48.30 696 mean
75° 51.90 695 696.
1.62 75o 52.25 686 mean
650 48 .70 685 686.
2 .2 4 650 51.10 622 mean
75° 54.70 621 622.
3 •°7 650 56.45 502 mean
550 52.37 5° ° 501.
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Figure 2
A  C onductim etric T itration Curve o f G um  A rabic  using 0.03987  N  Calcium
Hydroxide
TABLE IV
S e r ie s  2.—9.906 grams of gum  arabic made up to 500 c.c. and 
75 c.c. measured into cell.
c.c. alkali Box Bridge Cell
added resistance reading resistance
0.00 35° 53-35 306.1
320 51.10 306.2 mean
290 4-8-55 3° 7-4 3°6 -5
0 .59 290 48-35 309.8 mean
32° 50.90 308.7 309.2
1.19 320 50.70 311.1 mean
300 49.00 3 I 2 -3
1 -79 300 49.20 3IO-3
320 50.80 3° 9-7 mean
35° 5 3 -o° 309.8 309*9
2.49 35° 53-45 304-9 mean
300 49.60 304.8 304*9
3 - i 9 300 5 1 - 35 284.2 mean
250 46.65 285.9 285.1
3-76 250 48.85 261.7 mean
280 51.80 260.5 261.1
4.26 280 53 -7° 241.4
250 50.80 242.1 mean
230 48.65 242.8 242.1
For series one the end point is rather indefinite; the value of
1.55 c.c. is taken. One gram  of gum  arabic, therefore, required
1.55 x 5/4.943 c.c. of 0.03987 N  calcium hydroxide which gives a 
value of 16,400 grams as the acid equivalent of the gum. 
Similarly for series two, 75x9.906/500 grams of gum  require 
2.31 c.c. of alkali, yielding an acid equivalent of the gum  of 16,200 
grams. T he two results are in  good agreement, the difference 
being more than covered by the uncertainty in  the endpoint of 
series one.
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In  order that the conductivity measurements m ight be inter­
preted more fully the constant for the cell was determ ined w ith 
potassium chloride at 25 °C and was found to be 0.1105. Consider 
the gum  in  series one, this has a resistance of 699 ohms while con­
taining 9.886 grams of gum  per litre. T he specific conductivity 
of this solution is 0.1105/699 =  0.0001581 r. ohms and the ratio of 
specific conductivity to concentration is 1.581 x 10—4/9.886 =
0.0000160.
In  series two the solution has a resistance of 306.5 ohms while 
containing 19.812 grams of gum  per litre, giving a value for the 
above ratio of 0.0000182. It will be seen that an increase in con­
centration results in  an increase of the specific conductivity- 
concentration ratio which is not usual for norm al electrolytes but 
has been found by McBain for soaps.
Further consider the neutralised gum  solution which in series 
one has a resistance of 694 ohms, which yields a value of 0.0001592 
r. ohms for the specific conductivity. If the ion carriers in the 
solution consist of calcium cations and organic micellar anions 
of the type postulated by McBain in neutral soap solutions it 
should be expected that the equivalent conductivity at 250 C would 
be in the neighbourhood of 100— 150. Putting  the latter value in 
the equation ioooK =  AC (where K  =  specific conductivity; A  =  
equivalent conductivity; C =  equivalent concentration) the value 
for C is o. 1592/150 =  0.00106 equivalents, i.e., 9.886 grams of gum  
=  0.00106 equivalents, giving an equivalent weight of about 9,300.
In  the same way, series two, containing 19.812 grams of gum  
per litre showed a resistance of 311 ohm s; this leads to an equiva­
lent weight of 8,400, on the same assumption.
These figures taken in  conjunction w ith the acid equivalent of 
16,300 are consistent w ith  the view that gum  arabic consists of the 
acid calcium salt of a dibasic acid of molecular weight about 16,300. 
T his view seems irreconcilable w ith the high percentage of cal­
cium found in gum  on ignition, and it is more probable that gum  
arabic is a complex m ixture of the acid and various salts. T he work
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of Thom as and M urray 16 leads to the inference that gum  arabic 
is the calcium salt of a strong acid w ith an equivalent of about 
1,000. This view is not supported by the conductivity data, since 
the conductivity is far too low. Neglecting the conducting power 
of the anion altogether the conductivity of solution i corre­
sponds only to the presence of 0.003 equivalents of calcium per 
litre, i.e., 0.06 grams of ionisable calcium in  9.89 grams of gum. 
It would appear, therefore, that either the calcium were in  an 
unionised form or else its mobility in the solution were rendered 
extremely low.
Estimation of Gum Arabic
In  the light of the foregoing review of the w ork already carried 
out on gum  arabic, it is not surprising that the search for a suitable 
method of quantitative estimation presented some difficulty.
Four methods were attempted, v iz .:
1. T itration w ith alkali
2. Estimation by weight
3. Ammonia-copper acetate method
4. The establishment of a relationship between concentra­
tion of gum  arabic and some physical property,
and these methods will be dealt w ith in the above order.
T i t r a t i o n
Since it was know n that gum  arabic was an acid, an attem pt 
was made to estimate it by titration w ith alkali. This method 
failed by reason of the small amounts of alkali necessary to neu­
tralise even large quantities of gum  arabic. It was also noticed that 
various indicators gave widely different results w hen titrating the 
same gum  solution as was used in series one of the conductimetric 
titrations w ith .03987 N  calcium hydroxide. T he results are shown 
in Table V.
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TABLE V
Amount of C a(O H )s 
Titres fo r  25 c.c. gum required for
Indicator 100 c.c. gum
Cubic Centimetres Cubic Centimetres 
Thymol blue (P h .= 8 . 0 —9 .6 ) . .  0 .41  0 .38  0 .4 0  0 .4 0  1.60
Phenol phthalein (Ph . = 8 .3 — 10.0) 0 .35  0 .35  —  —■ 1.40
M ethyl red (Ph .= 4 . 4 —6 .0 ) . .  0 .1 0  0 .1 0  —  —  0 .40
Methyl orange (Ph . = 3 .1 —4 .4 ) • • Gave yellow colour that was unaffected by the
addition o f  alkali.
B. D . H. Universal (Ph . = 3 .0 — 1 1 .o) 25c.c. gum and 0 .2 6  c.c. alkali gave yellowish-
green colour corresponding to Ph 7 and after 
the addition of o . 40 c.c. of calcium hydroxide 
a violet colour corresponding to Ph 10.
A nother im portant observation was that different samples of gum  
arabic gave varying titres w hen using the same indicator, which 
indicated that the sample of gum  was heterogeneous and that some 
means of rendering it homogeneous was necessary before any 
satisfactory results could be hoped for.
T he gum  employed for this investigation was a good sample 
as used in lithographic practice. It consisted of “ droplets,” slightly 
yellowish in  colour, almost transparent, although several pieces in 
the one and a half pound sample used were brown and opaque 
w ith a surface consisting of white flakes. Further evidence of the 
heterogeneity of gum  arabic was forthcom ing not only from  the 
variation in  colour and transparency but also from  the fact that 
a series of one per cent solutions of gum  arabic gave P h  values 
ranging from  3.2 to 5.3. W illiam s22, in determ ining the iodine 
adsorption num ber and acidity of gum  arabic, stated that samples 
of gum  differed so widely that his results were of little value.
E s t im a t io n  b y  W e i g h t  
T he second m ethod employed for the estimation of gum  arabic 
in  solution was by direct weighing after evaporation, but even 
under the most carefully standardised conditions the results were 
not reproducible.
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A m m o n i a - C o p p e r  A c e t a t e  M e t h o d  
W aters and T u ttle23 made an extensive study of the identifica­
tion and quantitative estimation of gum  arabic, and suggested an 
improved method of determination by precipitating w ith alcohol, 
the compound formed between gum  arabic and ammoniacal cop­
per acetate. This m ethod was worked out carefully and under the 
best conditions an accuracy of only five per cent on 0.25 gram  
samples of gum  could be obtained. Clearly, this method was un­
suitable for the small quantities of gum  arabic which were to be 
used in the production of the adsorption isotherms.
P h y s i c a l  P r o p e r t y  
It was then decided, since gum  arabic was in  itself such a 
complex and ill-defined body and chemical means seemed to be 
unsatisfactory that a relationship between a physical property and 
concentration should be established, and that this should be used 
as a method of quantitative estimation. Five properties were con­
sidered : refractive index, rotatory power, density, surface tension 
and viscosity. A fter preliminary experiments and an examination 
of the pertinent literature it was resolved that the viscosity-concen- 
tration relationship should be investigated since it promised to be 
the most sensitive to small changes in concentration.
P r e p a r a t i o n  o f  S a m p l e  
It was apparent that some means of reducing the gum  arabic 
to an homogeneous state was necessary before reproducible results 
could be hoped for. Also steps had to be taken to remove foreign 
particles such as wood, from the sample of gum. T he method finally 
employed was to select the finest pieces of the gum  arabic and crush 
them, after which all foreign particles were picked out by h a n d ; 
this step, although laborious, was found to be the most satisfactory. 
T he small particles of gum  free from  wood, etc., were ground in a 
m ortar until they were reduced to a powder which passed through 
a 40-mesh wire sieve. T he whole of the sample, estimated to be 
sufficient for the investigation, was treated in this way and placed
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in a large bottle and well mixed by rotation for twenty-four hours. 
Even though these precautions were taken and other sources of 
possible error removed in  the determ ination of viscosities yet there 
was considerable scatter of the points on the viscosity-concentra- 
tion curve. This was considered to be due to the variation in the 
gum  arabic samples and as such, no further means of overcoming 
the difficulties were possible.
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C h a p t e r  V
A STUDY OF T H E PRINTING SURFACES 
Lithographic Stone, Aluminium Plate, Zinc Plate— Preparation of Adsorbents
Previous to the study of the adsorption of gum  arabic the 
printing surfaces were examined and the results will be described 
under three headings: stone, alum inium  plate, and zinc plate.
Printing Surfaces 
S t o n e
Lithographic stone is an oolitic calcareous stone which varies in 
colour from yellowish-white to grey according to the hardness and 
density— the darker the colour the harder and more dense is the 
stone (d =  2.67 —2.73). Analyses of lithographic stone have been 
published7 with particular reference to the relationship between 
colour, hardness and chemical constitution.
T he stone used throughout this investigation was a uniform  
sample, being buff in colour, of m edium  hardness, free from 
“ glass” or rust veins and chalk spots. A  sample yielded the follow­
ing figures on analysis: —
T A B L E  V I
Per cent Per cent
CaO . .  54.63 54-77co2 . , 4 2 . 1 8 42 .04
MgO . .  0.31 0 .32
Water at 120° C . . 0 .18 0 .17
Insoluble in hot 6N HC1 2 .04 2.03
Iron and aluminium . .  Trace Trace
99-34 99-33
These results are in good agreement w ith those of Garden, 
Merrill and Fenchtinger7, although W erner7 records an analysis of
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approximately 30 per cent silicates, 10 per cent alum ina and 50—  
53 per cent of calcium carbonate.
A l u m i n i u m  P l a t e  
A lum inium  plates used for lithographic prin ting usually contain 
between 0.5 and 1.0 pe rcen t of iron and silicon, and they are 
produced by cold rolling in  several thicknesses—25, 22 and 19 
B .W .G . being the stock sizes. Plates are generally guaranteed w ith 
the following m axim um  variations in thicknesses:
Less than 24 inches w id e .................................. 001 inches
Between 24 inches and 40 inches wide .. .  .0015 „
M ore than  40 inches wide .............................. 002 „
So far as the conditions of m anufacture will perm it, the plate 
should be homogeneous throughout, thus allowing uniform  grain­
ing and treatment.
Z i n c  P l a t e
T he impurities in  zinc lithographic plates are usually cadmium, 
lead and traces of iron. T h e  m ethod of m anufacture and the 
desirable characteristics are similar to those of alum inium  plates.
Preparation o f A dsorbents 
T he stone and the metal plates which were used as the adsor­
bents of the gum  arabic in  the production of the adsorption 
isotherms were prepared so as to be in a condition similar to that 
of a lithographic surface immediately before printing. For 
experimental purposes, the stone was reduced to a standard size 
before use and the unit quantity of adsorbent employed was the 
gram  weight, while in  the case of the plates which were cut into 
suitably sized strips, the square centimetre of p r i n t i n g  s u r fa c e  was 
considered as the unit of adsorbent. T he use of the printing area 
as the unit of adsorbent in  the case of metal plates was decided 
upon since this promised to be more useful from  a technical point 
of view. It follows that “ the weight of gum  adsorbed per square 
centimetre of prin ting surface” includes that which combines w ith 
the back and edges of the plate.
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C h a p t e r  VI
THE VISCOSITY OF AQUEOUS GUM ARABIC SOLUTIONS
Introduction : Methods of measuring Viscosities, Viscosity of Colloids— Viscosity 
of Gum Arabic Solutions : Historical and Preliminary Experiments, Factors 
influencing the Viscosity of Gum Arabic, Viscosity-Concentration Relation­
ships, Effect of Printing Surfaces on the Viscosity of Solutions of Gum 
Arabic, Time required for Solutions of Gum Arabic to reach Equilibrium 
with Adsorbent.
Introduction
M e t h o d s  o f  M e a s u r in g  V is c o s it ie s .
Viscosities may be expressed either in absolute units or else rela­
tive to a given liquid, usually water. The determination of absolute 
viscosities is desirable since the results obtained are in nearly all 
cases comparable. T he chief methods employed may be divided 
into two categories: —
1. T he measurement of the resistance offered to a moving 
body in contact w ith the viscous liquid.
2. The measurement of the rate of flow of the viscous fluid.
In  the first class are included the horizontal oscillating disc, con­
centric cylinders and falling sphere methods, all of which have 
been used extensively. For investigations of the second class, two 
types of instruments have been employed, those w ith horizontal 
and those with vertical capillaries.
There have been other attempts made to determine the vis­
cosity by the decay of oscillations, waves or vibrations, in the vis­
cous liquid. A further attem pt was made by W ilson24 to deduce 
the viscosity of liquids from  their rate of crystallisation.
Absolute viscosities are at the present time usually determined 
either by the flow through capillaries or by the concentric cylinder
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apparatus, both of which methods are capable of mathematical 
treatm ent and of yielding accurate results.
It was decided to use a capillary viscometer similar to that em­
ployed by Bingham 25 w ith which it is claimed an accuracy of o .i 
per cent in the determ ination of the viscosity may be obtained. 
T he design and details of the instrum ent are described in the 
experimental section of this Thesis.
V i s c o s i t y  o f  C o l l o i d s .
T he viscosity of colloids has received a good deal of attention 
in  recent years and the subject is still in  a state of controversy. It 
has been shown that the viscosity coefficient is a function of the 
velocity gradient. T h a t is to say, if a colloidal substance be caused 
to flow through a capillary viscometer, the viscosity coefficient 
will be found to decrease if the driving pressure be increased, i.e., 
if the velocity gradient be increased. Similarly, if viscosities are 
determ ined by the oscillating disc m ethod an increase in  the am pli­
tude of the oscillation of the disc, causes an apparent decrease in 
the viscosity coefficient.
This anomalous behaviour of colloidal solutions was first ob­
served by G arrett28 and A. du Pre D enning29, who found by the 
oscillating disc m ethod that the viscosity coefficients varied w ith 
the am plitude of oscillation of the disc. In  1906, Hess30 investigated 
blood, serum and several sols in a capillary instrum ent and found 
that the viscosity decreased w ith an increase in the pressure driving 
the liquid through the capillary. H atschek31 found that gelatin 
sols behaved in  the same m anner, and later he showed that this 
phenom enon occurred in suspensoids32, which fact was finally con­
firmed by H atschek and Jane33 and by K ohler34. Considerable 
w ork has also been carried out by Bingham 25 upon systems exhibit­
ing this anomalous flow.
It is usual to divide colloidal substances into two classes, emul- 
soids, or lyophilic cols, and suspensoids, or lyophobic sols. In  
certain respects the viscosities of the two types are very different.
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It may be shown that the viscosity of a stable suspensoid is a func­
tion of the concentration and is independent of its age or previous 
history. W ithin  the limits of experimental error, the temperature 
coefficient of viscosity of suspensoid sols is that of the dispersion 
medium. The viscosity of emulsoids, however, depends upon the 
age and previous treatm ent35 of the sol while the temperature co­
efficient of viscosity is always greater than that of the dispersion 
medium36.
Several attempts have been made to deduce mathematically 
the relationship between viscosity and concentration. Einstein37 
and H atschek38 arrived at the expression
^  =  11(1 +  \ b )
where i?1 =  viscosity of the suspension; 1] =  viscosity of the disper­
sion m edium ; b  =  aggregate volume of the solid in unit volume 
of suspension; \  =  constant, found to be 2.5 by Einstein and 4.5 
by Hatschek.
These relationships were deduced for suspensions of low con­
centration and the formula of Einstein was first tested experi­
mentally by Brancelin39 who using suspensions of gamboge found 
good linear agreement, as required by the expression, if the con­
stant \  were assumed to be 2.9 instead of 2.5.
It was pointed out by W o. Ostwald that the electrical charges 
on the particles must increase the viscosity, and Smoluchowski40 
deduced a modified expression.
=  rl ( 1 + 2 - 5 ^ l I +  i> K /27rcrjr2 ] )
where c =  the specific conductivity per c.c. of the liqu id ; r  radius 
of the particles; K  — the potential difference in the double layer; 
d  =  dielectric constant of the liquid. This equation has been verified 
by K ruyt41 on a number of sols. Hess42 has suggested a formula of
where a is a numerical factor greater than 1. This expression was
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tested by a series of measurements on suspensions of red blood 
corpuscles, and it was found that a  varied w ith the value of b.
T he attempts to treat emulsoids from  a theoretical point of view 
are beset w ith even greater difficulties than the subject of lyophobic 
sols. A  characteristic property of emulsoids is that a small increase 
in  concentration will result in  an enormous increase in  the vis­
cosity. There are two hypotheses pu t forward to account for this. 
One, by M cBain43, suggests that the particles of the disperse phase 
form  “ ram ifying aggregates” so that eventually there is a con­
tinuous netw ork of disperse phase throughout the system.
T he other hypothesis is that the disperse phase is heavily sol­
vated so that the particles occupy a greatly increased volume at 
the expense of the dispersion phase. T he  evidence supporting both 
these hypotheses is somewhat conflicting and no useful purpose 
would be served by reviewing it at any great length. T he majority 
of the formulae pu t forward expressing viscosity as a function of 
concentration are of an empirical nature only. A rrhenius44, sup­
porting the solvation hypothesis, applied his well-known logar­
ithm ic expression
log rj1 =  K  l o o p /  [ ioo — (n  +  i ) p ]
(where p  =  weight of dry substance dispersed in ioo grams of sol; 
K  =  constant; n  =  hydration factor, i.e., num ber of grams of 
water associated w ith one gram  of dry weight of disperse phase) 
to a series of viscosity determinations on protein sols and found 
good agreem ent w ith  the calculated and observed values. This ex­
pression fails w hen applied to the viscosities obtained by Baker45 
for cellulose nitrate sols in organic liquids, and this worker ob­
tained a fairly satisfactory representation of his results by an ex­
pression of the type
rj1 =  r ] ( i  + a c ) k
which is derived empirically.
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Hatschek46 from  theoretical considerations arrived at the fol­
lowing expression
ri1 =  r i / ( i - t y b )
where b  is assumed to be greater than 0.5. This has been found 
to give good agreement w ith the observed values for suspensions of 
red blood corpuscles, although it has not been fully tested for 
emulsions.
Viscosity of Gum Arabic
H i s t o r i c a l  a n d  P r e l i m i n a r y  E x p e r i m e n t s
The study of the viscosity of solutions of gum  arabic, as a func­
tion of the concentration, has not received much attention in  the 
past, although the effect of electrolytes on this property has been 
studied by several workers16,20’21. T he viscosities of a num ber of 
similar gums have been recorded26, and Clark and M ann27 have 
published the following figures of relative viscosities at various con­
centrations of gum  arabic.
TABLE VII
Percentage concentration o . i  . .  0 .5  . .  1 .0  . .  1 0 .o
Relative viscosity . .  1 .10  . .  1 .38  . .  1.71 . .  8 .75
This curve when plotted was similar in general shape to those of 
the other gums, being concave to the concentration axis.
Using an Ostwald viscometer, a few preliminary experiments 
were made on gum  arabic solutions and their effect upon the three 
lithographic printing surfaces. It was found that a gum  arabic 
solution gave a smaller value for the relative viscosity after contact 
w ith the printing surface than before. T he results are shown in 
Table VIII.
TABLE VIII
Solution Time of Flow
Initial . .  . .  . .  . .  54 .6  54 .8  54 .6  54 .6  sec.
After contact with stone . .  4 8 .4  48 .6  4 8 .6  4 8 .4  sec.
After contact with zinc . .  51 .0  51 .0  50 .6  50 .6  sec.
After contact with aluminium 51 .2  51 .2  51 .2  51 .2  sec.
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T he times of flow for distilled water were not affected by the addi­
tion of stone, zinc or alum inium . This seemed to be sufficiently 
encouraging to w arrant the adoption of the viscosity as a method 
of quantitative estimation of gum  arabic in solution.
F a c t o r s  i n f l u e n c i n g  t h e  V i s c o s i t y  o f  G u m  A r a b i c
It m ust be clearly stated that, from  the point of view of this 
investigation, the viscosities were determ ined in order that the 
viscosity-concentration relationships m ight be used as a m ethod of 
quantitative estimation of gum  arabic. It follows, therefore, that 
providing the viscosities were reproducible the method was satis­
factory regardless of w hether the property determ ined was a true 
viscosity or some other property which is a function of the velocity 
gradient. Before consistent results could be obtained using an 
homogeneous sample of gum  arabic it was necessary to standardise 
the conditions under which the viscosities were to be measured.
T he conditions which affect the viscosity are
(a) Previous history and age of gum  arabic solution
(ib) Tem perature
(c) P h of solution
(d )  Velocity gradient
and if these factors were standardised it was felt that the results 
would be reproducible, and, therefore, capable of use as a method 
of quantitative estimation.
(a) P r e v io u s  H i s t o r y .
A n aqueous gum  arabic solution was subjected to various treat­
ments, and it will be seen from  the results in Table IX  that the 
viscosities were not affected w ithin the limits of experimental error.
3°
TABLE IX
Series i .—2.26 grams of gum arabic dissolved in 100 c.c. water.
Treatment Viscosity a t 20° C
cp.
Original solution . .  . .  . .  •• •• 2.421
Second addition of solution to viscometer . .  2 .420
Agitated for six hours at 16°C . .  . .  . .  2 .420
Cooled for five hours at o°C . .  . .  . .  2 .419
Aged for twenty-six hours . .  . .  . .  . .  2 .425
Series 2.—0.89 grams of gum arabic dissolved in 100 c.c. water.
Treatm ent Viscosity a t 20° C
cp.
Original solution . .  . .  . .  . .  . • 1 • 724
Heated on water bath for four hours . .  . . 1.723
Standing for eight hours . .  . .  . .  . . 1.721
These results are unusual since for lyophilic colloids the pre­
vious history and age has a marked effect upon the viscosity. This 
peculiar behaviour may be an inherent property of the gum arabic 
or may be due to the previous treatment of the solution. The gum 
arabic was dissolved by heating on a water bath, and the solution 
was agitated from time to time in order to facilitate solution, and 
it is felt that this vigorous treatment might render the condition 
of the gum in solution immune from further modification.
(b) T e m p e r a t u r e .
The temperature coefficient of viscosity of emulsoids is unusu­
ally large, and, therefore, accurate temperature control was essen­
tial. The viscosities were determined at 20.00 °C and the tempera­
ture controlled to within 0.01 °C of this value.
(c) P h o f  S o lu t io n .
It has been shown that the P h has a marked effect upon the 
viscosity of certain colloids, and in view of the work of Thomas 
and Murray16, it was felt advisable to standardise the P h of the 
gum arabic solutions before determining their viscosity. It was
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noticed that the P h  of a gum  arabic solution was affected after 
contact w ith lithographic stone and lithographic alum inium  or zinc 
plate; the equilibrium  values being 8.5 in the case of stone, 7.6 for 
alum inium  and 6.6 for zinc. It was, therefore, necessary to adopt as 
the standard of P h  that value which was reached at equilibrium be­
tween the gum  solution and the adsorbent.
T he m ethod of adjusting the P h  of gum  arabic solutions was 
based upon the electrometric and conductivity data, set out in 
Chapter IV, and upon the results of the titration experiments.
T he  electrometric titrations were carried out w ith gum  from  a 
different source, and are, therefore, not strictly comparable w ith  
the conductivity measurements, but the discrepancies between the 
results obtained electrometrically and w ith Universal indicator on 
the same solution were similar in direction and m agnitude to those 
between the conductimetric and Universal indicator results. It is 
probable that electrometric and conductimetric methods are reli­
able as well as titration values w ith thymol blue and possibly 
phenol phthalein as indicators, but Universal and the other indi­
cators tested yield erroneous results.
Hence the m ethod finally adopted in the standardisation of the 
P h  of gum  arabic solutions was to m atch on the Lovibond tinto­
meter, the colour resulting between a suitable indicator and the 
gum  solution which had been adjusted to the correct P h  value w ith 
the aid of the hydrogen electrode. For increasing the P h  .0399 N  
calcium hydroxide was used while for lowering the P h  1.297 N  
nitric acid was employed. T he indicators and their concentrations 
used are given below.
TABLE X
Volume of indicator 
per c.c. of
Indicator gum solution Ph
c.c.
B.D .H . thymol blue (Ph= 8 . o—9 .6 ) . .  . .  0 .0 4  . .  8 .5
Phenol red, 0 .0 2  per cent aqueous solution
(Ph= 6 . 8 —8 . 4 ) ........................................................  0 .015  •• 7 -6
B.D .H . brom thymol blue (Ph= 6 . 0 —7 .6 ) . .  0 .0 2  . .  6 .6
B.D .H . brom cresol purple (Ph= 5 . 2 —6 .8 ) . .  0 .0 5  . .  6 .2
B .D .H . thymol blue (Ph= i .2 —2 .8 ) . .  . .  0 .1 0  . .  1 .9
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The Viscosity of & 4  percent 
solution of gum arabic 
as a function of tke 
velocity gradient.
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Figure 4
T h e  Effect o f the Velocity Q radient upon the Viscosity
(d) V e lo c i t y  G r a d ie n t .
In  common w ith other colloidal solutions the viscosity coeffi­
cient of gum  arabic sols was found to vary w ith the velocity gra­
dient. T he relationship between viscosity and the pressure used to 
drive the liquid through the capillary is shown in Fig. 4, and the 
results are given in Table XI. Experimentally it was found possible 
to control the driving pressure to w ithin one per cent of the stan­
dard value of 52.25 grams per square centimetre. I t will be seen 
that the viscosities determined under these conditions of pressure 
were within the desired limits of accuracy (0.01 per cent).
TABLE XI
Height o f Water Pressure for overcoming
Manometer viscous resistance Viscosity
cm. grams /  sq. cm. cp.
53.40 . .  52.96 . .  3 .179
41.33 . .  41 .20  . .  3 .196
30.27 . .  30.35 . .  3 .220
20.41 . .  20 .62 . .  3 .249
It was felt that these precautions were adequate to ensure that 
the viscosity-concentration relationship could be established accu­
rately. However, the results when plotted were scattered to a 
degree greater than that of experimental error. This scatter, it was 
decided, could only be due to the non-homogeneity of the gum 
arabic, and no practical means of overcoming this difficulty were 
found.
VISCOSITY-CoNCENTRATION RELATIONSHIPS 
The variation of viscosity w ith concentration of gum  arabic at 
the various P h values is shown in Figs. 5, 6 and 7, and the results 
set out in Tables XII, X III and XIV.
TABLE XII
Variation of the viscosity of gum  arabic solutions w ith concen­
tration at P h 8.5, and at a temperature of 20.oo°C. T o be used as
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a m ethod of estimating the am ount of gum  arabic adsorbed on 
lithographic stone.
Per cent Per cent
concentration Viscosity concentration Viscosity
cp. cp. '
0 .144 1.088 *•552 . 1.888
0.498 • i - 35°  •• 1.994 2.088
0 .657 . 1 .388 . . 2 .662 ■ 2 .504
0 .927 • 1-563 •• 4 .049 3.211
1.042 1.628 4 .886 3 • 696
*-°S7 1.629 5.942 • 4-243
1.293 . 1 .709 . . --- ---
T A B L E X III
Viscosity of gum  arabic as a function of concentration at P h
7.6 and 20.00°C. T o be used as a m ethod of estimating the ad­
sorption of gum  arabic on alum inium  plate.
Per cent Per cent
concentration Viscosity concentration Viscosity
cp. cp.
0 .232 1.165 0.692 1.368
0 .380 1.271 0 .766 1 • 516
0.491 • 1-345 • 0.881 1-572
0.565 • i - 39°  • 1.411 1.831
0 .637 . 1 .429 . 2 .098 2 .140
0 .677 1.488 — —
T A B L E  X IV
Viscosity of gum  arabic as a function of concentration at P h
6.6 and 20.00 °C. T o be used as a m ethod of estimating the ad­
sorption of gum  arabic on zinc plate.
Per cent Per cent
concentration Viscosity concentration Viscosity
cp cp
0 .518 I -305 1.626 x .926
0 .856 1-534 ..  2 .233 2 .200
I  .  I O O 1.663 2.882 2 .477
1.243 1.723 — —
be seen that the viscosity-concentration curves are
w hat unusual in shape, being concave to the concentration axis. 
In  this respect they are similar to the viscosity-concentration curves 
obtained for other gum s26.
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H atschek47 has pointed out that owing to the anomalous be­
haviour of colloids any conclusions as to the condition of sols 
deduced from  viscosity relationships must be regarded as specula­
tive, and, therefore, at this stage the viscosity curves m ust serve 
merely as a means of quantitative estimation of the gum  arabic.
T he curves consist of two portions which are almost linear con­
nected by a section which is concave to the concentration axis. The 
latter section has been termed the range of maxim um  curvature 
and is indicated on the diagrams.
T he curves draw n may be expressed by an empirical equation
1] — A  + B c — C e ~ Dc
where A ,  B ,  C  and D  are constants and c  is the concentration. 
However, such empirical equations are of little value, particularly 
in cases where there is a considerable scatter of the points, and no 
useful purpose will be served in a study of these equations. The 
values of the constants in the case of the viscosity curve at P h  7.6 
are A  =  1.203; B  =  0.447; ^  — o-1^  5 D  =  2.240. T he constants for 
the other curves may be similarly derived from the diagrams.
E f f e c t  o f  L i t h o g r a p h i c  S t o n e  a n d  P l a t e  o n  V i s c o s i t y  
o f  S o l u t i o n s  o f  G u m  A r a b i c
O n the same curves the viscosities of the solutions after reaching 
equilibrium  w ith the lithographic stone or plate are also plotted. 
These viscosities were in every case found to be lower than for the 
initial solutions, although the P h  values were identical before and 
after adsorption. The decrease in concentration of gum  arabic in the 
solution could be found from these curves. Know ing the weight 
of gum  solutions used for each determination and the percentage 
concentration before and after contact w ith the printing surface, 
it is a simple m atter to calculate the weight of gum  removed from 
solution by the lithographic stone or plate. T he  scatter of the points 
on the viscosity-concentration curves, which is somewhat greater
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than  the actual errors of measurement, are attributed to the hetero­
geneity of the solid gum  arabic. As further support for this view, 
it will be seen that the two readings for any one solution—before 
and after adsorption— deviate in  the same direction and in  the 
anticipated relative amounts, from  the average curve. In  calculat­
ing the am ount of adsorption, therefore, the viscosity reading after 
adsorption is compared, not w ith  the average curve, bu t w ith  a 
curve draw n parallel w ith this and passing through the point for 
the same solution before adsorption; this derived curve should 
represent w ith sufficient accuracy the viscosity-concentration re­
lationship of the actual sample under consideration.
T i m e  r e q u i r e d  f o r  G u m  S o l u t i o n s  t o  r e a c h  E q u i l i b r i u m
w i t h  A d s o r b e n t
A  further preliminary investigation which had to be carried out 
was to find the time required for the gum  arabic solution to reach 
equilibrium  w hen in contact w ith the adsorbent. It was decided, 
in  view of the results given in Table XV, to allow the solution to 
rem ain in  contact w ith the adsorbent overnight w ithout agitation.
T A B L E  X V
Time of Viscosity Time of Viscosity
Adsorbent contact of solution Adsorbent contact of solution
hours cp. hours cp.
Stone — 2.010 Aluminium . . — 2.010
1 . 1 .790 1 . 1 . 8 5 6
20 • i -747 20 . 1.849
30 . • i -749 3°  • 1.848
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C h a p t e r  V II
T H E ADSORPTION OF GUM ARABIC FROM AQUEOUS SOLUTION
Historical— Adsorption by Lithographic Stone and Plates— Bone Charcoal as an 
Adsorbent of Gum Arabic— Discussion of Adsorption Isotherms
Historical Introduction
A ny two substances may be influenced by m utual contact and 
this may result from  one of three causes. First, chemical com­
bination, as is experienced w hen an acid and an alkali are mixed. 
This is said to be due to the attractive forces between the molecules 
or atoms. Secondly, physical solution, as w hen water and alchohol 
are brought into contact. T he molecules of the liquids become even­
ly distributed throughout the m ixture and a true solution results 
due to the kinetic m otion possessed by the molecules. Adsorption, 
on the other hand, depends upon both the attraction and the kinetic 
m otion of the molecules. T he three phenomena can be represented 
graphically, as has been done in Fig. 8.
Consider an hypothetical substance in one phase and assume 
that this substance w hen brought into contact w ith a second phase 
is capable of behaving, at will, in  three distinct w ays: either com­
bining chemically w ith the second phase, dissolving in the second 
phase or being adsorbed by the second phase. If the equilibrium  
concentrations of the substance in  each of the two phases be plotted 
against each other a characteristic curve will be obtained for each 
of the three cases suggested providing the cases are simple and dis­
tinct. If chemical combination occur between the hypothetical 
substance and the second phase the curve will be a straight line 
parallel to the axis representing the concentration of the substance 
in the first phase. This line may be represented by the expression 
C 2 =  ^C ,° (the law of definite proportions) where C 1 and C 2 are 
the concentrations of the substance in the first and second phase
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respectively. In the case of solubility the curve is a straight line 
passing through the origin, represented by the expression C 2 =  ^C 11 
i.e., H enry’s law of solubilities is obeyed. In  the case of adsorption 
of the substance by the second phase a curve concave to the C x axis 
is obtained and may be expressed by the equation C 2 =  k C }n where 
n  is less than one but greater than  zero.
Little inform ation is available for the construction of adsorp­
tion isotherms from  the liquid phase over any extended range of 
concentration, but w hat there is indicates that the am ount of 
m aterial adsorbed may decrease at very high concentrations. T he 
isotherms for adsorption from  gaseous, vapour and liquid phase 
are m arkedly different and, therefore, they cannot all be expressed 
by the same equation. T he expression given above, C 2 =  k f i i n 
(usually and erroneously called the “ exponential” ) was suggested 
by De Saussure58 in 1814 (for the adsorption of gases) and ex­
tended to solutions by Boedecker59 in 1859. A n extensive study of 
adsorption equations, both empirical and those obtained from 
theoretical considerations has been m ade by Swan and U rquhart48 
They have surveyed a field of w ork covering the general adsorp­
tion equation, the isotherm, isobar, isostere, as well as the rate and 
heat of adsorption. A lthough there is a considerable am ount of 
adsorption data collected in this publication, yet little is to be 
learned concerning the adsorption from  the liquid phase. It is 
probable, however, that eventually the m any empirical and theore­
tical equations which have been derived will be found to be iden­
tical under certain conditions w ith a general expression.
The Adsorption o f Gum Arabic from Aqueous Solutions 
by Lithographic Stone and Plate
T he results from  which the adsorption isotherms at 20.00 °C of 
gum  arabic by lithographic stone, alum inium  and zinc plates are 
given in Tables X V I, X V II and X V III. It will be seen that the 
adsorption isotherms (shown in  Figs. 9, 10 and 11) are unusual in
38
o
oo
or\j
9 -C
auoqe DiL|dej^OLj^i| j.o uiejf? jad paqjospe oicjeje uin^ p  suiej£ ui
0\
<uuP
.2P
0 #
u
IB
1S'
a .0 OW o in Oa o
§ o s ^0-T3
l S1 *1-fc°° 
.a £r-. ^
<
S
3
O
«■a<*>
c
Da
ta 
of 
A
qu
eo
us
 
Gu
m 
A
ra
bi
c 
So
lu
tio
ns
 
at 
P
h
 8
.5 
an
d 
20
.0
0°
C 
be
fo
re
 
an
d 
af
ter
 
A
ds
or
pt
io
n 
by 
L
ith
og
ra
ph
s
St
on
e.
o s- tcg 2 fro<±: y
O n O  l O  0 0  d  
O '  O  O  1 0  00
CO O  
d  O
O  O  
O  O
O  C O - s J - n O O O  O n O  d  00 
O O O  O O O w h
d  O n nO  CO 
NO ON CO NO 
T h  t >  O  O
N  CO r f  V i
N  V O  O '  O  f" - 0  O N O O  d  r - -  NO O  00 ON
m  d  n o  t J- O n OO T j - O N l > O N  0 0  N  o  i -
w N o r - ' . o o o o o o o o r - ' - m ^ d - i  c o  c o  d  d  0 0 0 0 0 0 0 0 0 0  I 0 0 0 0
0 0 0  0 0 0 0 0 0 0  0 0 0 0 *
, 2  G ■ 5 0
*53 c/5
•'d" d  O  O  O
m  tJ -  CO O  00on o o no
o  0 0  o n  n o  o  o  o
■'d“
”'d~
d
00 d  
CO 00 
CO NO 
ON W
o  0 0  
O 00 
O  NO 
CO O
CO CO Tf -
+n P M  
M  §  *•^1
& <
d  nO  O '  O n h  N NO -t d  O '  d  O  O  O n r p  1 0  v o  d
w v O  t > .  !> •  GO 1 0  00 00 w  nO  
O O O O O O O O m O
o o 0 0 0 0 0 0 0 0
VO 10 10 to 
m  0 0  wi> o 00 o
O  W O  M
0 o o o
f e l lOo^s,
<u OK* -M »
■ t  i n  C n o  v o  -r}- i n  C O  l >
- q-  d  
o n  d  O
1 0  t >
I >  CO M GO 
CO CO CO d
O  
CO NO
r-'* ^ o
0 0 0 0 0 0 0 0 0 0
c o  n O  r -*  O n  N N m fN. 
ON OO NO CO 
00 ^  1 0  ON
01
w O 10 G 00
ON O  ON ^  H  
O '  h  l O  CO H
l> o o
ON 0 0
o o o o
1 0  G
O n O n O n O n O n O n 00 00 CO CO 
O n  O n O n O n O n  O n O n  O n  O n  On
c o  O  NO nO  J >  G  i O l >
00 NO 
NO CO
•*d“d
cl 10 00 
1 0  NO
M O  NO 
CO CO N
in h .  .  _
O n  t s  i n  O n nO
'  * '  '  °  t o 1c oM NO O  x h  c o  c o aj
00 H Tj” t-« 
CO O  NO CO m  N  c o  c o
I >  NO I O  T p  
ON ON ON ON
G  c o  1 0  c o  
i n  N  0 0
CO *-0 H  G
10 t-* G G
CO CO CO CO
O S 'S
-si Is 
£ <
NO O  T h  NO w  00
i n  o n  0 0  g  r j -
c o  i n  O n t P  i n  O n
O  w  h  G  c o
c o  0 0  r>»
O  1 0  cO  
i >  T h  d  
CO 00  NO
0 0 0 0 0 0 0 0 0 0
ON H  n  T p
NO O  O n
n o  0 0  * n  c o
ON 1 0  NO O
O  M HI Cl
On O to 00 G
O N  O  O  i n  C O
CO O  
G  O
O  O  
O  O
O  CO T p  nO  CO o n  o  G  1 0 0 0  
O O O O O O w i -
M  O n nO CO 
NO On CO n o  
T h  1>  NO NO
<M c o  ^  * n
h  i o w  d  J >  0 0  d  0 0  i >  d
NO r j -  O n CO CO h  ^  i n  CO
O  d  d  c o  1 0  i n  n o  n o  0 0  o n
d  w  
O n OO 
CO O
r -  0 0  10 ^  10 o
d  c o  c o  r h
CO h  h
o n  1 0  d  
T t- NO ON
0 0 0 0
d  t }- 
CO ONo d 10 r~" on
d
NO
NO
ON NO d  rf- 00 Ntf- 
O  00 ON
•o<
0 0
0 0o
o  00  CO 00 ON ON 00
1 0  0 0  n o  d  d  o  0 0
CO CO 1 0  n o  NO 0 0
00
00o
"d-O nO  CO ON r j -
1 0  d  n o  d  
ci co co 4
Ph
d  c o  d -  c o  h  i o n o  l >  ^  g  1 0  n o  t ^ - o o
w  d  CO T f  1 0  NO 0 0  ON o  w  d  CO t  V J  
m w w w w w
D
ata
 
of 
A
qu
eo
us
 
Gu
m 
A
ra
bi
c 
So
lu
tio
ns
 
at 
P
h
 7
.6 
an
d 
20
.00
 °
C 
be
fo
re
 
an
d 
af
ter
 
A
ds
or
pt
io
n 
by 
L
ith
og
ra
ph
i
A
lu
m
in
iu
m
 
Pl
at
e.
C
on
e.
af
te
r
A
ds
or
pt
io
n
c
,
CO O O O O u*» O  V ) O 
t"- co  m d  r t O ' M  O 
M N  fO ^  1 0  1 | ' O J > C O O
0 0 0 0 0  o  o  «  d
f
£
<
0
.0
0
1
8
 
0
.0
0
3
6
(6
) 
0
.0
0
4
6
 
0
.0
0
4
4
(4
)
0
.0
0
3
5
(5
)
0
.0
0
3
0
 
0
.0
0
2
7
(7
) 
0
.0
0
2
0
(9
) 
0
.0
0
2
0
(8
)
A
re
a 
of
 
Pl
at
e 
A
sq
. 
cm
s.
0  ON O'' ON O  j | O ' O ' O ' N
W
ei
gh
t 
of
 
G
um
 
A
ds
or
be
d
W
x—
w
a
0
.0
1
6
0
-0
3
3
0
.0
4
1
0
.0
4
0
0
.0
3
2
0
.0
2
7
0
.0
2
5
0
.0
1
8
(8
)
0
.0
2
5
W
t. 
of 
G
um
 
in 
W 
G
rs
. 
W
at
er
 
af
te
r 
A
ds
or
pt
io
n 
w
2
r-* 1 0
sO m O ' 0© O ' 1 1 I s  h -  >/)
T f U~) vO M 1 O ' W N O 
O O O ^ w 1 1 w  d  c o  i-O
O O O O O  0 * 0 0 0
W
at
er
 
pe
r 
10
0 
G
rs
. 
So
lu
tio
n
(1
0
0
-C
a) O O O O *-n O LO O
CJ O ' 00 vO C J w v O O
0 0  MD LO Tp j | co  N  VO O
O ' O ' O ' O ' O ' O ' O ' 0 0  00 
O ' O ' O ' O ' O ' ^  O ' O ' O ' O '
W
t. 
of 
W
at
er
 
in 
So
ln
. 
be
fo
re
 
A
ds
or
pt
io
n
W
T f  d -  r o  ^  £-i 0 0  0  1>  0
C O O O ! > L O  QJ  O N ^ h L o c o  
l >  O CO 00 O ' O N O O O
0  cj  n  r-* g  o '  i >  rf-
C* C* Cl 0* CO O J N N N
fcj
W
t. 
of 
G
um
 
be
fo
re
 
A
ds
or
pt
io
n
W
i
v© co
m ^  0  0 0  m - . s^ -  n  "^3- cj 
v o c o t H i o M  n  4  n  
O O M M M 1 1 G  N  CO LO
O O O O O  O O O O
A
fte
r 
A
ds
or
pt
io
n 
|
0
vfl0s
dCO
O
< * > 0  0  0  0  l o  O l o  O 
r - '  co  m ot •'d- 1 1 i >  O ' co  0
H f) CO 1 0  1 O  h  CO O
0 0 0 0 0  o o w d
.£*
8 S* 
$ x.
1
2
9
 
1
.1
8
0
 
1
.2
7
1
 
1
.3
0
°
 
1
.3
7
1
1
.4
6
1
 
1
.5
2
°
 
1
.8
0
0
 
2
.1
0
4
1 
j 
Be
fo
re
 
A
ds
or
pt
io
n 
R
ec
or
d
0
0^
d
C
0
0
M O M l O t ^ *  V O W H H O O  
CO 00 O ' vO CO 1 1 VO 00  HH O '  
N t o  - t  ^ I ' O  1 | J>- CO 0
0 0 0 0 0  o’ 0  h  r i
1
 N
o.
1 
V
is
co
si
ty
 
1 
cp
.
1
l o  m 1 0  O O ' ' O M m O  
0  b  o '  n  1 1 w co  ti-
t—1 N CO CO Tf" | 1 IT) i r i o o  H 
M M M M M  W J H h H C q
CO O'  P-* 00  0  >H IC1 O  CJ M
l-l M
G
OCO
m c'l co  r p  l o  0  r ^ o o  O ' 0  w
l-t M
sqejd uimuiujn|B t>ujdp.j3oipi| jo aj^auii^uso sjcnbs j©d pacpospc aicjeje u in ?  jo  sui®j £  u;!| i°
(UU3OO
*3■a,a
cOO o
'2 O 3 O*o o c/d <n
c/j ^2 CO Ww ^3 'O
s ft-
*° -2 2 ft. < g 
£ .2 s c 
O g
'o'-2
c <
"S<
-3h
$
o
-O
co
j O
£ 8 
s oo ^ « u
-  S' § 
<u ^  •j S® 3 © j*
.Sf>
Pt-I .© « -o 3Q <u
< 1
1« 3 e
o
£
T3<tj
cj-Ch
*aqv|C» ovjiz oujdvj^oipu jo 
S^auiquao ejpnbs Jed pacjjospv oicj\?ja? uin^ j.o slu9J^ ui
Da
ta 
of 
A
qu
eo
us
 
Gu
m 
A
ra
bi
c 
So
lu
tio
ns
 
at 
Ph
 6
.6 
an
d 
20
.00
 °
C 
be
fo
re
 
an
d 
af
ter
 
A
ds
or
pt
io
n 
by 
L
ith
og
ra
ph
ic
Zi
nc
 
Pl
at
e.
C
on
e.
af
te
r
A
ds
or
pt
io
n
%
O  v o  h  0  ^  t o  0  
m  0  d  m  o \  0 0  
h  O '  0  1 0  0  J>-
0  O  O  M w  M N
$
1
£
<
t"'* CO 00 CO O  O  O ' 
0  i t )  i n  1 0  tJ* c n  n  
O O O O O O O  
O O O O O O O
A
re
a
of
P
la
te
A
sq
. 
cm
s.
ON ON O ' O ' ^  M d
M l-t
e
L
Tj- ^  O '  O  O '  N  OO 
CO h  H  00 VO VO ’’d* 
CO VO CO CO CO
O O O O O O O  
0 ’ 0* 0* O* 0* 0  O*
W
t. 
of 
G
um
 
i 
in 
W 
G
rs
. 
W
at
er
 
af
te
r 
A
ds
or
pt
io
n
w
2
d  M W O  CO M O ' 
\Q  O '  ' t  C O O  O  CO 
o* w  \0 O ' 1>  ^  w  
w  d  d  d  ■'d* VO ON
0  0* 0’ 0  0* d  d
; 
W
t. 
of
 
! 
W
at
er
 
p
er
 
10
0  
G
rs
. 
S
ol
ut
io
n
1 
(1
00
-
C
a) O  ' VO O ' O  NO 1 0  O
ON O ' t" -  c o  0 0  O  d  
v o  d  0  O '  -d- O ' d
O ' o s  O ' 00 00
O ' O '  O '  O '  O ' O '  O '
W
t. 
of 
W
at
er
 
in 
So
ln
. 
be
fo
re
 
A
ds
or
pt
io
n
1 
W
O '  O  CO SO O  d  O
d  -d- 0  0  s o  s o  0  
1 0  sO  w O ' 00 SO m 
vO 0 0  r j -  0  OS CO c o
0  0  0 0  ^  0  0  d
CO CO d  d  CO CO CO
W
t. 
of 
G
um
 
be
fo
re
 
1 
A
ds
or
pt
io
n
! 
wi
 
.
1
s o  1 0  0  0  d  c o  i >  
O '  NO SO M d  M CO 
1 0  NO M T p M OS t o  
H  d  CO CO 1 0  s o  O '
0 0 0 0 0 0 0
A
fte
r 
A
ds
or
pt
io
n
6
6
c0
0
O  VO M O  Tf- VO O 
M 0  d  W OS 00
i >  o s  0  1 0  0  r->
0  0  0  m  m  d  d
£
§ 8*
> . ,
0 0  s o  O  1 0  r b  m  r h  
c o  Tp s o  ^  r s  c o  c o  
d  Tp 1 0  s o  OO W -<d-
W H  W W H  d  d
B
ef
or
e 
A
ds
or
pt
io
n
6  -
sOO'
d
GO
u
00 SO O  CO SO CO d
m  v o  0  d  c o  0 0  
v o  0 0  m  d  s o  d  c o
0  0  w  m  >-« d  d
£
RM °  
>
VO Tj- CO CO s o  0
O  c o  sO  d  d  0  
CO 1 0  s o  I"-* O ' d
M Kl M IH M d  d
! 1
R
ec
or
d
1
d  ^  v o  m  s o  c o  N
S
ol
n.
M d  CO ^  v o  sO  X>»
shape. T he  am ount of gum  arabic adsorbed from  solution first 
increases w ith increasing concentration until a m axim um  value 
in the weight of gum  adsorbed is reached. If solutions more con­
centrated than  that which result in m axim um  adsorption are 
allowed to reach equilibrium  w ith the adsorbent, it is found that 
a smaller w eight of gum  arabic is adsorbed. W ith  increasing con­
centration the weight of gum  arabic adsorbed decreases, finally 
reaching a constant value considerably below that of the maximum.
Bone Charcoal as an  A dsorbent fo r G um  Arabic
These results were sufficiently interesting to extend the scope 
of the investigation to other adsorbents, and an adsorption iso­
therm  of gum  arabic by bone charcoal was obtained. It was found 
that the P h  of gum  arabic sols was not affected by the addition of 
the bone charcoal, so that the arbitary P h  value of 6.2 units was 
chosen.
T he  viscosity-concentration curve is shown in  Fig. 12 (plotted 
from  the results given in  Table XIX), and is of a similar shape 
to the others obtained.
TABLE XIX
T he variation of the viscosity of gum  arabic solutions w ith con­
centration at P h  6.2 and at 20.00 °C. T o be used as a m ethod of 
estimating the adsorption of gum  arabic on bone charcoal.
Per cent Per cent
concentration Viscosity concentration Viscosity
cp. cp.
0 .247 1.148 . .  1.525 1.936
0 .718 1.472 . .  1 .714 2 .012
1.182 1 -733 2 .287 2 .309
1.237 1.784 . .  3 .005 2 .697
T he data from  w hich the adsorption isotherm (Fig. 13) is 
plotted are given in  Table X X, and this curve had a similar shape 
to the isotherms already obtained w ith alum inium , zinc and stone 
as the adsorbents.
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Relationship between viscosity and  concentration of arjueous 
gum arabic solutions a t  a  P h value of 6*2 units a n d  a t  
2 0 - 0 0  ± - O I ° c
viscosities of solutions before adsorption 
viscosities o f solutions a fte r  a d sorp tion  
by  bone charcoal
P e rce n tag e  concen tra tion  by w e ig h t  o f  gum  Arabic in liqu id  p h a se
Figure 12
T h e  Relationship between Viscosity of Aqueous Solutions o f Q um  Arabic  
and C oncentration a t Ph 6.2 and  20.00° C.
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It was thought that the unusual shape of the adsorption iso­
therms obtained w ith  lithographic stone and the m etal plates as 
adsorbents m ight be due to some property of the p rin ting  surface, 
but in  the light of the curve obtained w ith bone charcoal as the 
adsorbent this view was no longer tenable.
A n unsuccessful attem pt was m ade to study the adsorption of 
gum  arabic from  solutions of P h  about 2. T he failure was due to 
no suitable adsorbent being found; the three prin ting surfaces 
being soluble in  acid solutions. It was hoped that it would be pos­
sible to use bone charcoal as the adsorbent, but the P h  of gum  
arabic solutions increased after contact w ith the bone charcoal from
1.9 to about 4. T he increase in  Ph caused a corresponding increase 
in  the viscosity of the solutions, so that after adsorption the visco­
sity of the gum  arabic solutions was greater than  before contact 
w ith the charcoal. T he P h of the solutions was adjusted to 1.9 by 
means of 1.297 N  nitric acid which reacted w ith the calcium phos­
phate in  the bone charcoal form ing calcium tetrahydrophosphate9 
w hich was precipitated by the addition of alkali. A nother attem pt 
was m ade using phosphoric acid to adjust the P h , but this also 
reacted w ith the calcium phosphate form ing calcium dihydrophos­
phate56. O ther types of charcoal, such as N orit, were not suitable 
owing to their fine state of division. They would not settle in  solu­
tion and allow a sample of clear liquid to be taken, which con­
tained no foreign particles likely to block the capillary of the vis­
cometer. T he reason for wishing to study the adsorption of gum  
arabic from  acid solutions was to obtain evidence regarding the 
action of “etch” upon the gum  arabic film covering the non-print­
ing portions of the lithographic plate or stone.
Discussion of the Adsorption Isotherms
As has already been pointed out, the shape of the adsorption 
isotherms was unusual. Since the curves obtained were similar for 
the four cases examined, it was probable that the peculiarities were 
due to the state of the gum  arabic when in aqueous solution. T he
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shape of the isotherms followed the norm al “ exponential” from 
zero concentration up to the concentration corresponding to the 
m axim um  weight of gum  arabic adsorbed. T he position and the 
value of this m axim um  varied in the four cases examined. Any in­
crease in the concentration above this value caused a decrease in 
the weight of gum  arabic adsorbed so that between certan limits 
of concentration the adsorption curve fell smoothly until a “ satu­
ration value” was reached in the weight of gum  arabic adsorbed 
per unit quantity of adsorbent. T he region over which the adsorp­
tion isotherm fell from  its m axim um  to its constant value was 
called the “ region of anomalous adsorption” and this range of 
concentration has been indicated on the diagrams.
T he adsorption of gum  arabic on lithographic stone was carried 
out at Ph  8.5. It will be seen from Fig. 9 that the m axim um  weight 
of gum  arabic adsorbed per gram  of lithographic stone was 0.0890 
grams at a concentration of 0.85 per cent. T he region of anomalous 
adsorption occurred between the limits of concentration of 0.85 
per cent and 4.40 per cent of gum  arabic. From  solutions m ore 
concentrated than the latter, the weight of gum  arabic adsorbed 
per gram  of lithographic stone reached a constant value of 0.0260 
grams.
T he results obtained using lithographic alum inium  plate as the 
adsorbent are shown in Fig. 10 and were obtained from solutions 
adjusted to a P h  7.6. T he m axim um  weight of gum  arabic 
adsorbed per square'centimetre of printing surface (see Chapter V) 
was 0.0047 grams at a concentration of 0.38 per cent. Between the 
concentrations of 0.38 per cent and 1.30 per cent of gum  arabic 
the am ount of gum  arabic adsorbed per square centimetre of 
prin ting surface fell from  this m axim um  to the constant value of 
0.0021 grams.
In  the case of the zinc plate (Fig. n )  the m axim um  weight of 
gum  arabic adsorbed per square centimetre of printing surface was 
0.0058 grams reaching a constant value of 0.0029 grams over the 
range of concentration from 0.94 per cent to 2.20 per cent. These 
results were obtained w ith solutions at P h  6.6.
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T he adsorption isotherm obtained using bone charcoal as the 
adsorbent exhibited a m axim um  adsorption of 0.0192 grams per 
gram  of bone charcoal at a concentration of 1.10 per cent of gum  
arabic and attained a constant value of 0.0051 grams at concentra­
tions above 2.40 per cent. T he summarised results are given in  
Table XXI.
TABLE XXI
W t. in grs. o f gum adsorbed Region of anomalous
Adsorbent Ph
per unit quantity of adsorbent 
Maximum Value Constant Value
adsorption 
per cent
Lithostone 8 .5 0.0890  . .  0.0260 0 .8 5 —4.4 0
Aluminium 7 .6 0.0047 0.0021 0 .3 8 — 1.30
Zinc 6 .6 0.0058 . .  0.0029 0 .9 4 —2.20
Bone Charcoal 6 .2 0.0192 . .  0.0051 I  . 10 —2 .40
T he amounts of gum  arabic adsorbed in the four cases are not
comparable since the unit of adsorbent is not uniform . I t is, how­
ever, possible to compare the adsorption of gum  arabic on litho­
graphic stone and bone charcoal and also to examine the relative 
merits of alum inium  and zinc plates. As shown in Table X XI, 
lithographic stone as compared w ith bone charcoal, is capable of 
adsorbing more than four times the weight of gum  arabic from  
solutions which perm it m axim um  adsorption and more than five 
times the weight of gum  arabic from  solutions of comparatively 
higher concentration. It will be noticed that zinc is capable of 
adsorbing a greater weight of gum  arabic than  alum inium . It 
m ust be remembered, however, that the conditions of P h  are not 
identical in  the four cases and, therefore, any conclusions which 
are draw n m ust be limited by this consideration.
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C h a p t e r  V III
T H E STATE OF GUM ARABIC W H EN IN  SOLUTION A N D  
ITS ADSORPTION
Features of the Viscosity-Concentration Curves— Hypothesis of Aggregation of Gum 
Arabic Particles— The Condition of the Gum for use in Lithography
Features o f the Viscosity-Concentration Curves
T he viscosity of gum  arabic solutions varies w ith concentration 
in a rather unusual m anner as will be seen if the viscosity-concen- 
tration curves obtained at various P h  values be examined. These 
curves, which vary slightly for different P h  values, are similar in 
shape, being concave to the concentration axis, and this concavity 
is somewhat unusual since the majority of colloidal substances 
which have been investigated, yield viscosity-concentration curves 
which are convex to the concentration axis. It has been pointed 
out by H atschek47 that owing to the viscosity coefficient of col­
loidal substances being affected by the velocity gradient any 
deductions which are made from viscosity considerations must be 
limited in  their application. However, since the viscosities of the 
solutions of gum  arabic were determined under conditions which 
were as nearly as possible identical, the conclusions reached may 
be regarded as justifiable. A n attem pt is made below to account for 
the concavity of the viscosity-concentration curves, which, it should 
be noted, consist of three portions. Tw o sections which are almost 
linear but of different slope connected by a third section, termed 
the range of m axim um  curvature, which is curved concavely to the 
concentration axis.
Hypothesis of Aggregation of the Particles of Gum Arabic
T he features of the adsorption isotherms have been fully dis­
cussed in Chapter V II. If the viscosity-concentration curve and the
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isotherm derived by means of this relationship be examined, it will 
be noticed that the “ range of m axim um  curvature” of the visco­
sity curve and the “ region of anomalous adsorption” of the iso­
therm  occur w ithin  the same limits of concentration of gum  arabic. 
Since both these phenom ena— the concave curvature of the visco­
sity-concentration relationship and the anomalous adsorption of 
the gum  arabic— occur at the same concentrations, it is probable 
that they are due to the same cause.
A n  hypothesis of aggregation of the particles of gum  arabic 
w hen in solution will account for both the concavity of the visco­
sity-concentration curve and the anomalous adsorption of the gum  
arabic by the various adsorbents used. It has been shown by O den49 
that the viscosity of sulphur sols at the same concentration (grams 
per c.c. of solution) is lower for the sol w ith  the larger particles. 
T h e  suggestion that an increase in  the particle size of a substance 
at the same w eight concentration, results in a decrease in viscosity 
is supported by the w ork of M artici50, who found that the viscosity 
of an oil-soap emulsion became less as the size of the drops became 
larger. F urther support is given by the observation of Buglia51 that 
the viscosity of m ilk is increased by “hom ogenising,” i.e., by being 
squirted against an agate plate thereby increasing the num ber of 
the fat particles w hich implies a decrease in the size of the globules. 
It would appear, therefore, in the light of this evidence that, other 
conditions rem aining the same, an increase in the particle size will 
result in  a decrease in the viscosity.
For the sake of clearness, consider the viscosity of solutions of 
gum  arabic of varying concentrations at a P h  of 7.6 units. For 
solutions of gum  arabic up to 0.38 per cent concentration the vis­
cosity curve is almost linear. T he viscosity of solutions containing 
between 0.38 and 1.30 per cent of gum  arabic does not increase as 
rapidly as would be expected if the initial relationship held, but the 
increase in  viscosity becomes progressively smaller. T h a t is to say 
the curve becomes concave to the concentration axis. W ith  more 
concentrated solutions than  those containing 1.30 per cent of gum
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arabic the viscosity increases in  a linear m anner w ith increasing 
concentration, although less rapidly than in the initial case at low 
concentrations. Thus it would appear that from  zero concentra­
tion to 0.38 per cent, gum  arabic is in some particular form , while 
in solutions containing more than 1.30 per cent of gum  arabic, it 
is in a modified condition. T he complete transition occurs between 
the concentrations of 0.38 and 1.30 per cent of gum  which is indi­
cated by the curvature of the viscosity-concentration relationship.
As will be shown later, adsorption data confirm the view that 
this transition consists in the aggregation of the gum  arabic par­
ticles to form  large colloid particles which may under certain 
conditions become heavily hydrated. Thus, in solutions containing 
up to 0.38 per cent of gum  arabic the particles exist as separate 
units. Above this concentration of gum  there is a tendency for the 
particles to aggregate, thus increasing their size so that the viscos­
ity increase is not as large as would be expected if the particles 
had retained their unit condition. Aggregate formation increases 
until, w ith solutions containing more than 1.30 per cent of gum  
arabic, practically all the particles are in the form  of aggregates so 
that the viscosity-concentration curve becomes linear once more.
Such a transition also accounts for the peculiarities of the ad­
sorption isotherm. F rom  dilute solutions simple molecules of the 
gum  are adsorbed, and the adsorption is of the norm al “ exponen­
tial’5 type. A t a critical concentration, however, aggregate forma­
tion begins, as is indicated by the viscosity curve, and at this point 
the adsorption isotherm also becomes anomalous. Throughout the 
anomalous region of concentration the solution contains both 
simple and aggregated particles of gum  arabic and the shape of 
the adsorption isotherm will depend on the relative amounts of the 
two adsorbed. Finally, at higher concentrations the aggregation 
becomes complete, the viscosity curve becomes linear and the ad­
sorption attains a saturation value characteristic of the aggregated 
particles of the gum  arabic.
It will be noticed that this latter value is m uch lower than the
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saturation value to which the adsorption curve for the sim ple par­
ticles would tend. A  possible explanation of this may be that the 
aggregates have a greater bulk per un it of weight than  have the 
simple particles.
T he ease w ith which the “ aggregates” are formed appears to be 
governed by the P h  of the solution of gum  arabic. F rom  Table X X I 
it will be seen that the gum  arabic particles in solutions of P h 7.6 
begin to form  “ aggregates” at a concentration of 0.38 per cent. In 
solutions of a concentration above 1.30 per cent, the gum  arabic is 
almost entirely in  the aggregated condition. W hen the P h of the 
solutions of gum  arabic had been adjusted to 8.5 the transition from 
unit particles to “ aggregates,” begins at a concentration of 0.85 
per cent and is not complete until a concentration of 4.40 per cent 
is reached. Similarly, in  solutions of P h 6.6 the aggregate forma­
tion begins at a concentration of 0.94 per cent and extends over a 
range of concentration up to 2.20 per cent. W ith  solutions of P h 
6.2, the aggregate form ation is delayed until a concentration of
1.10 per cent of gum  arabic is attained. T he  transition at this Ph 
is completed in  solutions whose concentration is above 2.40 per 
cent. T h e  P h values to w hich the solutions were adjusted may be 
arranged in  the following order of decreasing ease of aggregate 
fo rm ation : P h =  7.6, 8.5, 6.6, 6.2. T he optim um  conditions for 
ease of aggregate form ation appear to be attained at a P h  value 
slightly higher than  7.6. T he range of concentration over which 
the transition from  unit particles to “ aggregates” takes place also 
depends upon the P h  of the solution. It is worthy of note that the 
transition in  gum  arabic solutions adjusted to Ph  8.5 is extended 
over a considerable range of concentration. A  further point which 
should be borne in  m ind is that there is no evidence that the size 
or conditions of the “ aggregates” of gum  arabic particles are 
identical in  the solutions examined at the various Ph  values.
I t has already been suggested that the gum  arabic is the m edium  
by which a film of water is kept on the non-printing portions of 
the plate or stone so that the press ink cannot adhere. Consider a
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layer of gum  arabic which is adsorbed from a solution containing 
a very large num ber of “ aggregated” particles. As has been indi­
cated, the gum  arabic particles when in the aggregated condition 
have a greater bulk per unit of weight than the simple particles, 
which implies that the packing of the unit particles in the “ aggre­
gate” is not so close as the packing of the unit particles when ad­
sorbed on the surface. T he more open nature of the adsorbed layer 
of “ aggregated” gum  arabic will perm it of a higher degree of 
hydration than can be obtained w ith the unit particles. Thus it 
would be expected that a gum  solution of a concentration which 
permits greater hydration of the particles would render better 
protection to the printing surface, against undesirable ink, than 
would a dilute solution consisting entirely of unit particles.
T he  C ondition o f the  Gum  for use in  Lithography 
Experim entally it was found that a dilute solution of gum  arabic 
is not efficient for rendering the printing surface ink resisting. 
This fact is shown in Fig. 14, which is a photographic reproduc­
tion of a lithographic alum inium  plate. T he right half of the 
plate was placed in contact w ith a solution of gum  arabic (P h  =  7.6) 
of concentration corresponding to that of m axim um  adsorption 
(0.38 per cent) and the other portion of the plate allowed to reach 
equilibrium w ith a 2.0 per cent gum  arabic solution. T he plate 
was removed from  the gum  solution and dried. It was damped in 
the usual lithographic m anner w ith  a dam p cloth and a roller 
containing black press ink passed over w ith a brisk, even motion. 
A fter the roller had .passed over the plate about ten times, the 
portion of the plate which had been gum m ed w ith the more dilute 
gum  arabic solution began to take ink while the other portion 
remained clean. A fter the roller had passed over the plate about 
fifteen times, the first portion was almost fully charged w ith ink 
as shown in  Fig. 14, while the portion protected by the more 
concentrated gum  solution was comparatively clean. Any further 
rolling of the plate caused the ink to adhere to both portions to an 
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equal extent. If the plate were dam ped after being inked all over, 
and the roller passed briskly over the plate, the ink was removed 
w ith  equal ease from  both portions.
Thus, it appears that the ink resistant property of the gum  
arabic is due to the form ation of an adsorbed layer of the gum  in  
the “ aggregated” condition. In  this form  the gum  arabic is parti­
cularly hydrophilic, and the particles, in becoming heavily hyd­
rated, w ill not perm it the press ink to adhere to those portions of 
the prin ting surface covered by the gum .
T he  fact that gum  arabic w hen applied to prin ting surfaces is 
hydrophilic has been shown by Reed, D orst and H orn ing6. T h e  
am ount of water retained by zinc and alum inium  plates before and 
after treatm ent w ith gum  arabic was determ ined, and it was found 
that the gum m ed plates retained between twenty and thirty per 
cent m ore w ater than  the clean, untreated plate. Further, it has 
been shown by means of technical experiments that prin ting sur­
faces dry m uch m ore quickly w hen not treated w ith gum  arabic.
T he  evidence pu t forward supports the hypothesis, already out­
lined, that the gum  arabic has two functions in  lithography. First, 
being preferentially adsorbed to the press ink or grease of any kind, 
it prevents undesirable ink or grease from  adhering to the printing 
surface. Secondly, w hen the gum  is in the “ aggregated” condition 
it is exceptionally hydrophilic, thus a film of water is kept on the 
p rin ting surface so that the press ink cannot adhere to the gum m ed 
surface.
T here is no evidence to support the idea of chemical combination 
or reaction between the prin ting surface and the gum  arabic solu­
tion, although it m ust be noted that the P h  of the gum  arabic solu­
tion was increased by contact w ith the printing surface. T he 
am ount of acidity as indicated by titration is so small that it is 
felt that it can have but little effect since no trace of alum inium  
or zinc was found in the solution after reaching equilibrium  w ith 
the m etal p rin ting  surfaces.
It is considered that the suggested hypothesis of the form ation of
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an adsorbed layer of gum  arabic which consists of hydrophilic 
“ aggregates” is both a satisfactory explanation and one which is 
supported by the experimental evidence.
T he study of the principles underlying lithographic practice 
is interesting both from  a scientific point of view and also from  a 
technical standpoint. It is realised that before a complete explana­
tion of the whole of the procedure can be found, m uch experi­
m ental w ork extending over m any years is necessary, and it is 
hoped that the opportunity will arise so that this may be done in 
the near future for it is believed that if the underlying principles 
are understood useful improvements are likely to be introduced 
into the lithographic printing industry.
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PART II
Experimental
Section
IN T R O D U C T IO N
T he details of the experimental w ork undertaken are described 
in the following three chapters. T he investigations may be divided 
into two categories: first, physico-chemical experim ents; and, 
secondly, technical experiments. T he general scheme adopted in 
this section of the Thesis is given in tabular form  below.
C h a p t e r  I. T h e  E x a m i n a t i o n  a n d  P r e p a r a t i o n  o f  M a t e r i a l s
G um  Arabic.
(a ) Preparation of arabic acid.
(b ) Electrometric titrations of arabic acid.
(c) Conductivity experiments.
(d )  Estim ation of gum  arabic by the ammonia-copper 
acetate method.
P rinting Surfaces.
(a ) Analysis of lithographic stone.
(b )  Preparation of lithographic stone as an adsorbent.
(c) Preparation of alum inium  as an adsorbent.
(id) Preparation of zinc as an adsorbent.
C h a p t e r  II. T h e  D e t e r m i n a t i o n  o f  t h e  V i s c o s i t i e s  o f  S o l u ­
t i o n s  o f  G u m  A r a b i c
Design of the Viscometer.
(a ) Specifications of instrum ent.
(b )  Corrections and calibrations.
( c )  Complete viscometric apparatus.
5 7
M easurem ent of Viscosities.
(a ) Density of gum  arabic solutions.
(b )  Initial viscosity experiments.
(c ) D eterm ination of viscosities.
C h a p t e r  III. T e c h n i c a l  E x p e r i m e n t s
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C h a p t e r  1
INVESTIGATIONS U PO N GUM ARABIC A N D  T H E PRINTING SURFACES
Gum Arabic: Preparation of Arabic Acid, Electrometric Titration of Arabic Acid, 
Conductimetric Experiments, Estimation by the Ammonia-Copper Acetate 
Method— Printing Surfaces : Analysis of Lithographic Stone, Lithographic 
Stone as an Adsorbent, Aluminium Plate as an Adsorbent, Zinc Plate as an 
Adsorbent.
G um  Arabic
T he  various portions of the experimental w ork undertaken 
during the study of gum  arabic will be described in  the same order 
as in Part One.
P r e p a r a t i o n  o f  A r a b i c  A c i d
, T he  arabic acid was prepared by the m ethod of Neubauer10 as 
described by O ’Sullivan12. Any insoluble m atter was allowed to 
settle from  a concentrated solution of gum  arabic. T he  clear liquid 
was decanted and 6 N  hydrochloric acid added until the solution 
gave an  acid reaction to m ethyl orange. Alcohol was run  into the 
agitated solution until no further precipitation occurred. T he solu­
tion was filtered through cloth and the arabic acid washed w ith 
alcohol and pressed as free from  it as was possible. T he precipitate 
was dissolved in  the m inim um  of boiling water and allowed to 
cool, w hen the arabic acid was reprecipitated by the addition of 
alcohol. This progressive precipitation was carried out four times 
in  all, and the final precipitate of arabic acid was dried w ith abso­
lute alcohol.
E l e c t r o m e t r i c  T i t r a t i o n  o f  A r a b i c  A c i d
0.4 grams pf arabic acid were dissolved in  10 c.c. of water and 
titrated electrometrically w ith 0.0261 N  calcium hydroxide, using a
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hydrogen electrode which was of the type designed by D r. Dorothy 
Jordan-Lloyd. T his electrode was used in  conjunction w ith the 
saturated calomel half cell whose electrode potential at i8 °C  was 
taken to be 251 millivolts. T he electromotive force set up  by the 
cell was measured by a Tinsley Ionisation Potentiometer, cali­
brated by means of a W eston Standard Cell. T he hydrogen before 
reaching the electrode was washed by (1) alkaline pyrogallol, (2) 
alkaline potassium perm anganate solution, and (3) distilled water.
T he  results w hich were obtained at 18 °C have been shown in 
Table II and the titration curve plotted in Fig. 1. T he determ ina­
tion, by means of the hydrogen electrode, of the P h  values of arabic 
acid solutions, was found to be difficult owing to the frothing of 
the solutions. T he adsorption of the acid on the electrode was also 
thought to be a possible source of error.
T he  m easurement of the P h  of gum  arabic solutions is open to 
the same criticisms, and since it was necessary to standardise the 
P h  of the solutions before determ ining their viscosities, this m atter 
required investigation. T he P h  values obtained by indicators were 
possibly also unreliable owing to the occurrence of something ana­
logous to the well-known “protein error” of indicators. For this 
reason it was decided to undertake conductimetric titrations, 
prim arily as a check on the indicator and electrometric methods 
of P h  determ ination.
C o n d u c t i m e t r i c  E x p e r i m e n t s
T he conductivity apparatus was of the usual W heatstone bridge 
type and consisted of a straight metre wire, an “ inductionless” 
resistance box, and a conductivity cell of about 100 c.c. capacity, 
containing stout, freshly blacked platinium  electrodes five m m . 
apart.
T he  apparatus was actuated by a small induction coil, and a 
clearly defined m inim um  was obtained. T he  titrations were carried 
out at room  temperature. A  know n volume of gum  arabic solution 
of definite concentration was measured into the cell, and its resist­
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ance determined before and after small additions of a calcium 
hydroxide solution which was made up from  metallic calcium and 
air free water. This solution was standardised against a hydro­
chloric acid solution (which had been standardised w ith  A .R. 
sodium carbonate) and was found to be 0.03987 N .
E s t i m a t i o n  o f  G u m  A r a b i c  b y  t h e  A m m o n i a - C o p p e r  
A c e t a t e  M e t h o d
T he m ethod suggested by W aters and T u ttle23 for the estima­
tion of gum  arabic by means of the ammonia-copper acetate 
compound was carried out as follow s: —
Fifty grams of copper acetate were dissolved in  water, excess 
ammonia added and the total solution diluted to a litre, using 
water and alcohol in  such proportions that the final concentration 
of alcohol was 50 per cent. About 0.25 grams of gum  arabic were 
accurately weighed out, dissolved in  50 c.c. of water and an equal 
volume of alcohol added. 25 c.c. of the copper reagent were added 
to the solution w ith constant stirring, the precipitate allowed to 
settle and filtered on to a weighed paper. The precipitate was 
washed w ith 50 per cent alcohol containing ammonia, and then 
successively w ith 75 and 95 per cent alcohol. It was then dried to 
constant weight at 105 °C, ignited in  a porcelain crucible and the 
ash weighed. T he weight of the ash was deducted from the con­
stant weight of the original precipitate, and this value accepted as 
the weight of gum  arabic. T he moisture content of the sample of 
gum  arabic being tested was determined by heating to 105 °C in  a 
current of hydrogen and allowance was m ade for this in estimat­
ing the gum  arabic. T he water content was found to be 10.8 per 
cent. T he results of this attem pt to estimate gum  arabic are given 
in Table X X II, and it will be seen that the m ethod was not suffi­
ciently accurate to indicate losses in concentration resulting from 
adsorption from  solutions which would of necessity contain small 
weights of gum  arabic.
TABLE XXII
W t. of dry W t. o f Wt. of
gum taken pp t. Ash gum found
0.2216  . .  0 .2748 . .  0 .0478 . .  0 .2270
0 .3796  . .  0 .4261 . .  0 .0613 . .  0.3648
0.2467  . .  0 .3150 . .  0 .0595 •• 0-2555
0 .2514  . .  0 .3378 . .  0.0857 •• 0.2521
P rin ting  Surfaces
T he experimental w ork undertaken in  this section may be dealt 
w ith under three headings.
S t o n e
T he experimental details for Series 1 as shown in  Table V I are 
given below : —
E s t im a t io n  o f  S i l ic a te s , e tc .
1.0909 grams of lithographic stone were dissolved in  15 c.c. of 
6 N  hydrochloric acid and gently warmed. T he  insoluble portion 
was filtered off and ignited in a silica crucible. T h e  constant weight 
reached by the precipitate was 0.0222 grams which gave a result 
of 2.04 per cent of silica.
E s t im a t io n  o f  C a lc iu m  as th e  O x id e .
T he filtrate from  the above was diluted w ith water to about 
50 c.c. and boiled to remove carbon dioxide. T he  solution was 
neutralised w ith amm onia and a small am ount of hydrochloric 
acid added (1 c.c.). T he solution was diluted to about 200 c.c. and 
heated to boiling. T o  this boiling solution an excess of a saturated 
boiling solution of am m onium  oxalate was added. Am m onia was 
added until alkalinity was reached and the solution boiled for a 
few minutes. A fter cooling the precipitated calcium oxalate was 
washed by decantation w ith a w arm  dilute ammonia solution. T he  
precipitate was filtered and washed until the filtrate gave no tur­
bidity w ith nitric acid and silver nitrate. T he filter was incinerated
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in a weighed platinum  crucible and strongly heated until constant 
weight was obtained. T he resulting weight of calcium oxide was 
0.5960 grams, yielding a percentage value of 54.63.
E s t im a t io n  o f  M a g n e s iu m  as th e  P y r o p h o s p h a te .
. 1.2210 grams of lithographic stone were dissolved in  3 N  sul­
phuric acid and the insoluble m atter removed by filtration. T he 
solution was neutralised, diluted to about Too c.c. and boiled. A n 
excess of a solution of microcosmic salt was added slowly and the 
solution allowed to cool, w hen ammonia was added to the precipi­
tated magnesium hydrogen phosphate. A fter standing for several 
hours, the precipitate was washed by decantation w ith dilute am­
monia into a Gooch crucible. T he precipitate was heated slowly 
to constant weight and weighed as magnesium pyrophosphate. 
T he weight was found to be 0.0216 grams which corresponded to 
an equivalent weight of magnesium oxide of .0039 grams or 0-31 
per cent.
E s t im a t io n  o f  W a te r  C o n te n t .
2.77:17 grams of lithographic stone were found to lose 0.0051 
grams in weight w hen heated to 120 °C in a silica crucible. This 
loss in  weight corresponded to 0.18 per cent of water.
E s t im a t io n  o f  C a r h o n  D io x id e .
0.7544 grams of lithographic stone were weighed into a 
Schotter apparatus and the carbon dioxide: expelled by 6 N  hydro­
chloric acid. T he flask was gently warmed and re weighed. T he 
loss in weight amounted to 0.3181 grams corresponding to 42.18 
per cent of carbon dioxide. : :
L i th o g r a p h ic  S to n e  as a n  A d s o r b e n t .
T he stone was prepared for use as an adsorbent by breaking it 
into small pieces and passing these through a mill fitted w ith 
granite rollers so adjusted that the fragments obtained were of a
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suitable size. T he finely broken stone was sieved, the portion passed 
by the 20-mesh wire, but retained by the 30-mesh collected. T his 
fraction was found to be the most suitable since the stone would 
readily setde w hen agitated w ith  viscous solutions of gum  arabic 
and yet was sufficiently small to present a large surface area for 
adsorption per unit mass. T he “ 20—30” fraction was well washed, 
w ith agitation, by running  tap w ater and then w ith very dilute 
nitric acid, again w ith tap water and finally w ith distilled water 
until the washings of the stone w ith freshly distilled water had a 
P h  of 8.5. T he stone was dried at 105 °C in  an electric oven and 
stored in  a tightly stoppered bottle.
A lu m in iu m  P l a t e s  
T he alum inium  plate used in  these experiments was grained in  
the usual m anner w ith  Calais sand in a graining m achine, removed 
and washed w ith tap water and dried. T he usual lithographic pro­
cedure was followed by treating it w ith a solution of dilute sul­
phuric acid and washing w ith tap water. T he  plate was then care­
fully washed w ith distilled water until the washings were free 
from  sulphate ions and had a P h  value approaching 7.6. T he  plate 
was then dried and cut into strips 3 by 1 centimetres, in which 
form  it was used as the adsorbent.
Z i n c  P l a t e s
T he zinc plate was prepared for use by rem oving all the old 
work w ith turpentine and scrubbing w ith  caustic soda and pumice 
powder. A fter washing, the plate was treated in exactly the same 
way as the alum inium  plate, except that the solution used to “ pre­
pare” the plate consisted of 4 ounces of five per cent alum  solu­
tion, 2 drachms of concentrated nitric acid and 80 ounces of water. 
T he plate, after being washed to remove traces of this solution, 
was cut into strips 3 by 1 centimetres and stored in  a tightly stop­
pered bottle until required.
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C h a p t e r  II
TH E  DETERM INATION OF TH E VISCOSITY OF SOLUTIONS OF
GUM ARABIC
Design of Viscometer— Corrections and Calibrations of Viscometer; Constants of the 
Instrument and Determination of True Pressure— Apparatus for Determina­
tion of Viscosities : Air Compressor, Reservoir, Pressure Regulator, Mano­
meter, Viscometer, Thermostat— Density of Solutions of Gum Arabic— Initial 
Experiments with Viscometer— Determination of Viscosities of Gum Arabic 
Solutions.
Design of the V iscom eter
A  capillary viscometer similar to that described by Bingham 25 
(a modification of T horp and Rogers’s instrument) was used to 
measure absolute viscosities, which, w ith suitable precautions, 
could be determined w ith an accuracy approaching a tenth of one 
per cent, which implies a similar degree of accuracy in  the estima­
tion of gum  arabic. A  sketch of the viscometer, w ith dimensions, 
is shown in Fig. 15, and it will be seen that the instrum ent con­
sists of two limbs, similar in shape and size, connected w ith each 
other, through ground glass joints, by a horizontal capillary tube. 
Viscometers of this type have been used extensively by Bingham 
and his co-workers w ith satisfactory results.
T he sketch of the instrum ent is self explanatory, but a few 
observations are necessary.
1 T o reduce drainage errors to a m inim um , the shape of the 
lower portions of the bulbs 1, 3, 4 and 6 is made the same 
as the shape of the lower portions of bulbs 2 and 5.
2 Further, as far as is possible, the bulbs 2 and 5 have the 
same volume and shape, viz., two hollow cones placed 
base to base.
3 T h e  bulbs 1, 3, 4 and 6 have the same volume and shape.
4 T o ensure that the ground glass joints are water-tight, the 
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capillary tube was cemented into the limbs of the visco­
m eter w ith a m ixture prepared by heating together vase­
line, paraffin wax and red rubber. This was carefully 
applied so that no trace of grease could possibly reach the 
bore of the capillary. Further, a rubber band was placed 
round the two limbs level w ith the capillary, in  order that 
the latter m ight be draw n firmly home into the joints.
5 T he instrum ent was so designed, and marks placed at B  
and D ,  that the volume from  A  to B  equalled the volume 
from  D  to E .  If the viscometer be filled w ith  liquid, so 
that the left meniscus is at A  and the right meniscus is at 
D , then the left meniscus is at B  w hen the right is at E ,  
and at C  when it is at F .
6 C a p i l l ar ie s .  Four interchangeable capillaries were made 
w ith the instrum ent. They were of such a bore and length 
that fluidities from  500 c.g.s. units to 10 c.g.s. units could 
be measured conveniently. It was essential that the capil­
laries should be of uniform  bore, and this was tested (and 
found to be so) by measuring the length of a thread of 
mercury in  various positions in the capillary. T he dimen­
sions of the four capillaries were :
T A B L E  X X III
Capillary Maximum Fluidity
No. to be measured Radius Length
1 500 0 .010  cm. 7 .58  cm.
2 125 0.015 cm - 7 .5 8  cm.
3 5° 0 .020  cm. 8.11 cm.
4 10 0.030  cm. 10.10 cm.
For the w ork undertaken it was necessary to use only
capillaries 3 and 4.
In  this type of viscometer the liquid is blown through the capil­
lary by means of compressed air at a constant, measured pressure. 
T he m anipulation of the instrum ent is simple. T he necessary 
quantity of liquid is placed in the right limb and blown over into
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Figure 15
The Viscom eter
the left lim b by means of compressed air, until the level overflows 
into the trap at A .  This is continued until the level in the right 
lim b just reaches D ,  w hen the supply of compressed air is cut off 
and the instrum ent contains the requisite working volume of 
liquid. In  order to measure absolute viscosities, the charged visco­
meter is connected to the atmosphere at the right limb and to 
pressure at the left limb. T he time taken for the meniscus to pass 
from  B  to C  is measured and the pressure on the two limbs equa­
lised. If the right limb be connected to pressure and the left limb 
connected to atmosphere, the time for the liquid to flow from C  
to B  can also be determined. If the pressure driving the liquid 
through the capillary be known, it is possible to calculate the abso­
lute viscosity of the liquid. If the time be recorded in seconds, the 
pressure in grams per square centimetre, the viscosity is expressed 
in centipoises.
Corrections and Calibrations Necessary 
T he classic w ork of Poiseuille on the flow of liquids in  capil­
laries established the formula
— n g p R i t / $ l u  r.
where u  =  total volume of efflux in  the time t ;  p  =  pressure; R  =  
radius of capillary; 1 =  length of capillary; rj =  viscosity. Various 
amplifications to this law have been suggested including correc­
tions for (i) the kinetic energy of the liqu id ; (ii) the end effects of 
the capillary; (iii) slipping; (iv) compressible liquids, and a full dis­
cussion of these correctons will be found in text books on visco­
sity25’52. T he instrum ent used for this investigation was so designed 
that the only correction necessary was that for kinetic energy. It 
can be deduced that the following relationship is true :
r} =  7r g R i p t J 8l v  — m d v / 8iTtl 2.
where v  =  volume of flow ; d  =  density; m  =  constant, and the 
other symbols having the same significance as in  equation one. 
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Various values of m  have been suggested, the value 1.12 being 
adopted as the most probable. For a given viscometer it will be 
seen that the above equation may be rew ritten as
j] — C p t  — C 1d / t  3.
(where C  and C 1 are constants) so long as a constant volume of 
flow is used throughout. If C ,  C 1, the pressure, the density of the 
liquid and the time of flow be know n then the viscosity may be 
calculated. T he kinetic energy correction term  of equation three 
should not exceed five per cent of the value of the first term , which 
condition is governed by the capillary used. If an accuracy of 0.1 
per cent in the viscosity be desired it is sufficient to determine the 
value of C 1 and the density to an accuracy of only two per cent.
D e t e r m i n a t i o n  o f  t h e  C o n s t a n t s  o f  t h e  I n s t r u m e n t
It will be seen from  equations two and three that
C 1= ,m v j $ n l  4.
where v  =  volume of the bulb two between the m arks B  and C  and 
m =  i.i2 .
T he value of v  was determined by weighing the left limb of the 
viscometer, w ith water at the two levels B  and C ; know ing the 
density of the water used the volume of flow could be deter­
mined. T he value of v  at 20°C was found to be 4.529 c.c.; the 
length of the capillary was measured by means of a travelling 
microscope.
T he  determ ination of the value of C  m ust be accurate, and 
although it be possible to calculate its value since
C  =  7r g R i / 8v l  5.
yet a greater accuracy may be obtained if the time of flow and the 
density of a liquid of know n viscosity be determined, thus enabling 
the value of C  to be com puted from  equation three if the true 
driving pressure be know n.
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For capillary three, freshly distilled, dust free water was used 
as the calibrating liquid. In  the case of capillary four it was not 
possible to use water owing to its time of flow being too small to 
measure accurately, hence the viscosity of a water-alcohol mixture 
was determined in  capillary three and this mixture used to cali­
brate capillary four. D ata for the two capillaries are set out in 
Table XXIV .
T A B L E  X X IV
Capillary No. Length Radius C. C1
3 . .  8 . n c m .  . .0 .0 2 0 c m .  . .  1 . 7 4 7 5 X  io -8 . . 2 .4 9 X  io -2
4 . .  10.10 cm. . .0 .0 3 0  cm. . .  7.2495X10-®  . .  2 .0 0 X 1 0 -2
T he accuracy of the calibration of capillary four was checked 
by determ ining the viscosity of gum  arabic solutions in  the two 
capillaries and the results were found to be in  good agreement.
D e t e r m i n a t i o n  o f  t h e  T r u e  P r e s s u r e
(1) H y d r o s t a t i c  H e a d  C o r r e c t i o n .
T he pressure of the air delivered to the head of the viscometer 
was measured by means of a water m anom eter; if a correction for 
tem perature were applied to the recorded height this value could 
be determined to w ithin the required accuracy of 0.1 per cent. This 
correction in  itself was not sufficient, for if the bulbs two and five 
differ in level the true driving pressure will be different in the two 
limbs. In  other words, allowance m ust be made for the hydrostatic 
head. Suppose the bulb five be higher than bulb two by a distance 
h 1} then w hen the liquid is flowing from  the left limb to the right 
limb the pressure is decreased by an am ount h xd ,  where d  is the 
density of the liquid in  the viscometer. D uring the right lim b 
determ ination the pressure will be increased by h xd .  F rom  equa­
tion three it follows :
p 2 — h 1d  =  (;)]+cl d / t 1) j c t 1 (for the left limb)
p s +  h.yd  =  ( r j + c 1d / t 2) / c t 2 (for the right limb)
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where p 2 and p 3 are the corrected m anom eter heights, and, there­
fore
h 1 =  ( r i / a C d X i / h  -  i / t 2)  +  ( C ' f e C f o / t j *  -  i / t 22) -  ( p 3 -  p 2)/ 2
or if the two determinations were carried out at the same pressure:
h l =  ( r i / 2 C d ) ( i / t 1 — i / t 2) +  ( C 1/ 2 C ) ( i / t 1* — i / t 2!l)  6
Thus in order to determine the hydrostatic head the calibrating 
liquid is m ade to flow in  both directions through the capillary and 
times of flow noted, whence the value of A, may be found from  
equation six. T he value of C  used in this calculation is an approxi­
m ate value obtained from  equation three using the pressure uncor­
rected for hydrostatic head, which is satisfactory since the value 
of h x is small.
(2) T r u e  A v e r a g e  P r e s s u r e .
A  further possible correction to be made is that for the average 
pressure which may not be zero, even if the bulbs two and five 
have the same shape and volume, because the hydrostatic head 
is constantly changing. T hus the true average pressure m ust be 
obtained by integration. T he  bulbs were assumed to be in  the form 
of two hollow cones placed base to base, and by the following 
integration, the correction for the true average pressure was deter­
mined and found to be
— d 2A2/ 10 p r
where d  — density; h  =  bulb height; and p y — pressure corrected 
for hydrostatic head and temperature.
Beyond the correction for the density of the water in  the m ano­
m eter tubes (due to tem perature variations) no others (except those 
already mentioned) were necessary since the viscometer and the 
m iddle of the m anom eter were approximately at the same level. 
T he correction for the tem perature variation was read from a 
table compiled by B ingham 25.
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Calculation o f  th e  Average Pressure C orrection
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Apparatus for Determination of Viscosities
A  photograph and diagram  of the apparatus are shown in Figs. 
16 and 17. T he apparatus consists of an air compressor and a large 
reservoir connected by means of glass tubing and a three-way tap. 
T he compressed air is led from the reservoir to the pressure regu­
lator, from  there past the manometer, where its pressure is mea­
sured, through a bottle containing soda lime to the viscometer, 
which is placed in a thermostat. The individual parts of the 
apparatus will be described in detail.
(a) A i r  C o m p r e s s o r .
T he device used for supplying the necessary pressure to drive 
the liquid through the viscometer— about 50 gm s/sq. cm.— con­
sisted of a suction pum p which was attached to a three-necked 
bottle as shown in Fig. 18. T he centre neck of the bottle was con­
nected to the reservoir and the third neck was fitted w ith a syphon 
tube. T he high pressure water was led from  the tap through pres­
sure tubing fitted w ith a screw clip at one, into the three-necked 
bottle; the spent water was carried to waste by means of the syphon 
tube also fitted w ith a screw clip at two. By adjusting the clips one 
and two the water in  the bottle could be kept at a convenient level 
for a long period.
(b) R e s e r v o i r .
T he reservoir was a large stone jar fitted w ith an air-tight 
rubber bung.
(c) P r e s s u r e  R e g u l a t o r .
A lthough the air delivered from  the reservoir was at an approxi­
mately constant pressure, it was necessary to place a regulator in 
the circuit so that the manometer levels were absolutely constant. 
T he regulator consisted of a long T-piece of glass tubing secured 
inside a piece of wide bore glass, closed at the lower end w ith a tap 
as shown in  Figure 19.
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This wide bore glass tubing was filled w ith  w ater to a height of 
about 50 centimetres, and the screw clips one and two on the com­
pressor were so regulated that bubbles issued from  the end of the 
T-piece at the rate of about two a second, so that the level of the 
water in  the regulator was not appreciably altered. In  this way the 
air delivered to the viscometer was practically at a constant pres­
sure.
(d) M a n o m e t e r .
A  w ater m anom eter was used, m ounted on a wooden scale 
which had been calibrated against a dividing machine. Beside the 
m anom eter tube was placed a therm om eter so that the tempera­
ture of the water could be measured.
(e) V i s c o m e t e r .
T he viscometer was connected to the air supply by a three-way 
tap from  each lim b (see Fig. 17) so that w hen the liquid was flow­
ing from  left to righ t in the capillary, the left hand three-way tap 
was turned to pressure and the righ t hand tap turned so that this 
viscometer lim b was connected to air. W hen  the flow was in  the 
other direction the position of the taps was reversed.
T he viscometer was held by special clips to a rectangular brass 
fram e which fitted into two runners of channel brass m ounted 
vertically in  the thermostat. In  this way the viscometer was held 
vertically in  a given position, and during a series of experiments 
it was never removed from  the frame. It was filled by means of a 
finely draw n out pipette and emptied by inverting the instrum ent 
and w ithdraw ing the liquid into a bottle by means of a pum p.
(f) T h e r m o s t a t .
T h e  therm ostat consisted of a glass tank which contained, in 
addition to the viscometer and frame, an agitator, therm o-regu­
lator and heating unit. T he bath was efficiently agitated by a ver­
tical stirrer and was electrically heated. T he viscosities were deter­
m ined at a tem perature of 20.00 °C, and it was possible to maintain
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this to w ithin + o . o i ° C  w hen the room temperature was below 
20 °C. D uring hot weather it was necessary to place a cooling coil 
in the bath and to allow cold water to circulate. U nder these condi­
tions the temperature was regulated to w ithin + 0 .0 2 °C. T he tem­
peratures were measured by means of a Beckmann thermometer— 
set by an N .P .L . calibrated standard—fixed to the viscometer 
frame. These conditions of temperature control and measurement 
were well w ithin the limits required for measuring viscosities to 
an accuracy of 0.1 per cent.
In  addition to the corrections and precautions already men­
tioned for determ ining viscosities by this method, great care was 
taken to ensure that the water used for m aking up the solutions 
of gum  arabic was freshly distilled and dust free. T he device used 
is shown in Fig. 20. D uring distillation of the water, which was 
fresh for every solution, the screw clip was opened slightly and 
closed immediately sufficient water had been distilled. T he water 
was syphoned out of the receiver whenever required. T he jet of 
the syphon tube was kept under distilled water when not in use. 
Similar precautions were taken w ith the pipette used for filling 
the viscometer.
T he time taken for the liquid to flow was measured by a stop 
watch, and the mean of three readings in  each direction used as the 
value for calculation. For the sake of convenience the viscosity 
records were kept on a special form— a specimen of which is given 
on the next page.
In  order to measure the viscosity, the time of flow (/), the two 
constants of the instrum ent C  and C 1, the true driving pressure (p )  
and the density (d ) m ust be know n whence by applying equation
three v ^ C p t - C ' d / t  3.
the value of ij may be found. It is, however, more convenient to 
modify this slightly and to calculate the value of C 1d j C t 2 in equa­
tion seven.
C p t  — C 1d / t  — 1] =  C P t
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where P  is the pressure used to overcome viscous resistance only. 
It is clear that
P  =  p - C 1d f C P
and hence i] =  C P t
7-
8 .
These steps are carried out in  the last four columns of the viscosity 
record sheet (page 74).
Density o f Gum  Arabic Solutions
It has been pointed out that for viscosity purposes the densities 
need only be determined w ith an accuracy of two per cent, but 
more careful measurements were made in the belief that the rela­
tionship between density and concentration m ight supply some 
evidence regarding the behaviour of aqueous gum  arabic solutions. 
I t was hoped that diese results m ight show the existence of aggre­
gates as found by M cBain54 in  soaps and by Grindley and Bury55 
in  butyric acid-water mixtures. T he densities were determined at 
20.00° C by means of a 10 c.c. density bottle. T he curve obtained 
showed no obvious evidence of aggregation, and the derivation 
of the partial specific volume curve utilised by Grindley and Bury55 
is not warranted by the accuracy of these determinations. T he 
densities, however, are given for varying concentrations in Table 
XXV and plotted in Fig. 21.
T A B L E X X V
Per cent Per cent
concentration Density concentration Density
0 .00 0.9982 10.00 1.0332
0 .10 0.9984 12.00 1.0403
0 .50 0.9996 14.00 1.0470
1.00 1.0019 16.00 1.0549
3 .00 1.0083 18.00 1.0619
4 .7 6 1.0146 20.00 1.0682
7 .00 1.0228 — —
Use was made of this curve in  calculating the viscosities.
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Initial V iscom eter Experim ents
Before viscosities could be measured, certain preliminary experi­
ments had to be conducted; first, those designed to ensure the 
correct w orking of the viscometer, and, secondly, those to stan­
dardise the conditions of viscometry.
(i)  T e s t i n g  t h e  V i s c o m e t e r .
For a given liquid in a given viscometer, it follows from  equa­
tion three
n =  C p t - C 1d l t  3.
that the product p t  should be constant for all values of p  if the vis­
cometer be correctly designed. This was tested over a range of 
pressure and found to be correct.
TABLE XXVI
Series True
No. Limb Time Pressure p t. p t. mean
sec. gm./sq. cm.
1 L . 188.9 . .  31 .09 . 5872.90
R . 192.8 . .  30.31 . 5843-77 • 5858.33
2 L  . 149.2 39-37 • 5874.00
R . . .  38 .59 . 5842-53 • 5858-26
3 • L . 129.0 45-55 • 5875-95 .
R . 130.6 . .  44 .77  . 5846-95 . 5861.40
4 • L . 116.4 . .  50.43 . 5870.05
R . 117.6 •• 49-75 • 5850.60 • 5860.30
It is clear from  the above experimental results that the visco­
meter has been correctly designed to fit the theory of viscous flow 
as demanded by the form ula used for the calculations.
(2) C a l i b r a t i o n s .
T he calibration of capillary three was carried out w ith freshly 
distilled, dust free water, whose viscosity was assumed to be 1.005
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Figure 21
T he Relationship between the Density o f Aqueous Quin Arabic Solutions and  
Concentration a t 20.00° C.
centipoises at 20 °C 57. A  point to be noted is that absolute visco­
sities expressed in  centipoises at 20 °C are almost numerically equal 
to relative viscosities (referred to water) at the same temperature.
T he technique was identical for the calibration experiments as 
for the determ ination of viscosities of the gum  solutions, and the 
experimental procedure will be described at this stage. T he visco­
meter after being set up and fixed to the frame was washed out 
w ith freshly distilled, dust free water, drained and about 17 c.c. 
of the water, placed by means of pipette, into the right limb of the 
instrum ent which was placed in the thermostat at a temperature 
of 20.00+.01 °C and the liquid inside the viscometer allowed to 
reach the temperature of the bath. T he limbs of the viscometer 
were connected to the pressure circuit. T he air compressor was set 
in action so that bubbles escaped from  the pressure regulator at 
the rate of two per second, and the liquid blown from the right 
limb into the left, the surplus liquid being allowed to collect in 
the trap at A  (Fig. 15). W hen the level of the liquid in the right 
limb reached the point D  the air pressure was equalised on the two 
limbs and. the viscometer was then charged w ith the requisite 
working volume of water. The three-way tap attached to the left 
limb was connected to pressure and the tap on the right limb was 
turned to air. In  this way the liquid was caused to flow from left 
to right and the measurement was know n as the “ left limb deter­
m ination,” the time for the meniscus to pass from B  to C  being 
measured w ith a stop watch. T he liquid was then driven in the 
other direction by alteration of the setting of the three-way taps 
and the time of flow determined. T he mean of three determina­
tions in each direction was used to calculate the constants of the 
instrument. T he pressure was read on the manometer and the tem­
perature was recorded. T he m anometer height was corrected for 
temperature variation and the hydrostatic head correction deter­
mined as suggested on page 70, while the correction for the true 
average pressure was also necessary. In  this way the true driving 
pressure for each limb was determined and since the time of flow
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and the viscosity were know n, application of equation three 
allowed C  to be calculated, all the terms except C  being know n or 
computable.
fj =  C p t  — C l d j t  3
T he  value of C  for capillary three gave the following figures:
S.
T A B L E  X X V II
Calibrating Liquid Water a t 20.00°C
Finally corrected
Limbs Mean Time pressure Viscosity C
R ' . .  113.2 . .  52.09 . .  1.005 •• 1 .7 4 7 2 X 1 0 -6
L . .  111 .6 . .  52.87 . .  1.005 •• 1 .7 4 7 9 X 1 0 -6
and the accepted value of C  was 1 .7 4 7 5  x io~“6. T he value of C l 
was calculated to be 2.49 x io ~ 2.
Capillary four was calibrated w ith a water-alcohol mixture, 
whose viscosity was measured by means of capillary three and 
found to be 2.732 cp., and the following figures obtained—
T A B L E  X X V III
Calibrating Liquid Water-Alcohol Mixture at 20 .00 °C
Limbs Mean Time Finally corrected
sec. pressure Viscosity C
R . .  71 .8  . .  52-87 . .  2 .732 . .  7 .2 4 8 6 X 1 0 -6
L  . .  73-o . .  52 .08 . .  2 .732 . .  7 .2 5 0 1 X 1 0 -6
and the value accepted was C  =  7.2495 x 1 0 A  T he value of C 1 
was found to be 2.00 x io~-2.
D eterm ination of Viscosities
T he solutions of gum  arabic were made up by weight w ith dust 
free, distilled water, being gently warm ed on the water bath. A 
portion of this solution (10 c.c.) was taken and the am ount of 
alkali necessary to adjust the P h  to the required value determined. 
A  measured volume (50 c.c.) of the gum  solution was weighed and 
the am ount of calcium hydroxide necessary to adjust the P h  of this 
quantity calculated and added w ith thorough mixing. A  small
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sample (about 0.5 c.c.) was taken and tested for its P h  value; 
usually this was found to be correct, but in the case of any variations, 
the P h  of the m ain bulk of the solution was re-adjusted, and the 
total am ount of the adjusting solution was recorded, the density 
of which was taken as unity. T he final percentage concentration 
could be calculated since the concentration of the unadjusted solu­
tion was known.
About 17 c.c. of the adjusted solution were placed by means of 
a pipette into the viscometer and its viscosity determined, as has 
already been described. From  these results the relationship be­
tween viscosity and concentration could be shown at various P h 
values.
The weight of the rem aining solution was determined, a known 
quantity of the printing surface added and the flask placed in the 
thermostat at 20.00 °C for about fifteen to twenty hours. Care was 
taken to place the strips of alum inium  or zinc so that the printing 
surface was readily accessible to the solution. T he mixture was 
shaken after equilibrium had been reached and the viscosity of the 
liquid phase determined. In  every case the viscosity after contact 
w ith the printing surface was found to be lower, although the P h  
was determined and found to be identical w ith the initial value. 
T he decrease in  concentration, therefore, could be found from the 
viscosity-concentration curve. Knowing the weight of gum  solu­
tion used for the experiment and the percentage concentration 
before and after contact w ith the printing surface it was a simple 
m atter to calculate the weight of gum  removed from solution.
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C h a p t e r  III
Technical Experim ents
T he evidence for the hypothesis that the gum  arabic showed 
m axim um  ink resistance in the aggregated state was obtained from 
the following technical experiment. A n alum inium  plate was 
grained and prepared for prin ting by treating w ith dilute sulphuric 
acid and then it was well washed w ith tap  water and dried quickly. 
One portion of the plate was placed in  contact overnight w ith a 
solution of gum  arabic whose concentration was such that the 
m axim um  weight of gum  would be adsorbed (0.38 per cent gum  
solution). The other half was placed in contact w ith a two per cent 
solution of gum  arabic. T he P h  of both solutions was adjusted to 
7.6 and the conditions of the experiment made identical for both 
portions of the plate. A fter the plate had been gum m ed it was 
allowed to dry and then it was etched w ith the suitable phosphoric 
acid etch. T he plate was damped again and while still dam p a 
roller charged w ith press black ink was passed over the surface 
w ith a brisk, even m otion until the ink began to adhere to the 
alum inium  plate. A fter the roller had been passed over about ten 
times the ink began to adhere to tha t section of the plate which 
had been treated w ith a dilute gum  solution. U ltim ately, the roll 
ing being continued, the other section began to allow the ink to 
adhere to it, but by this time the section treated w ith dilute gum  
arabic solution was almost fully charged w ith ink, as will be seen 
in Fig. 14.
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